and ff HERAPEUTICS 


Editorial 


Therapeutics 


The science of therapeutics has the deep- 
est roots in medical antiquity. Despite its 
tradition, however, therapeutics has not 
achieved a growth comparable to that of 
pathology, physiology, or even diagnosis in 
medicine. Despite the highly efficacious 
therapeutic agents and maneuvers that 
have been discovered over the years, prog- 
ress has been faltering and, until recently, 
not very solidly based on the scientific 
method. Indeed, changes in therapy have 
evolved as often from fashion as from evi- 
dence and sometimes the treatment of 
choice of today is the malpractice of to- 
morrow. Thus, in different eras venesection 
and transfusion have been practiced for 
the same condition and with the same ends 
in mind. Eugene DuBois took cognizance 
of the slow pace of therapeutic research in 
his presidential address to the Association 
of American Physicians in 1938. According 
to DuBois,* “. . . any young neophyte can 
introduce a new drug. It requires a man of 
Jarge experience and considerable reputa- 
tion to destroy an old one.” Barr, in an 
essay entitled “The Price We Pay,” calls 
attention to the tragically harmful effects 
of many hastily evaluated but assiduously 
applied therapies. 
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The secret of potential progress and ul- 
timate strength in the science of therapeu- 
tics lies in the controlled therapeutic trial, 
recently hailed by Pickering® as the most 
significant development in medicine during 
the past decade. Actually, the practice of 
the controlled therapeutic trial goes back 
at least to 1863 when Béclard* put to the 
test the practice of blood letting for pneu- 
monia. From his careful experiment he 
concluded that blood letting was of no 
value to the patient. Little attention was 
paid either to his scientific contribution of 
proposing the controlled therapeutic trial 
or to the specific findings of his study. The 
practice of blood letting was continued, 
and in 1909 William Osler,* widely known 
as a therapeutic nihilist, recommended ven- 
esection for the treatment of pneumonia. 
Even after the conclusion of World War I, 
the leading clinicians of the United States 
were still convinced of its value. Thus is 
provided an impressive example of the 
truth of DuBois’ remark about destroying 
an old therapy. 

Experimental medicine has made impres- 
sive gains since the days of Béclard but in 
therapeutics too often post hoc reasoning 
has ied to false inferences. Investigators 
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have been deluded by the seeming simplic- 
ity of the therapeutic situation with its “be- 
fore,” “during,” and “after.” There has been 
a failure to recognize the elements of proper 
design, the meaning of controls, and what 
constitutes adequate evidence of therapeu- 
tic efficacy. In contrast to those concerned 
with the health of humans, agriculturists 
have reaped rich rewards from the con- 
trolled experiment. They have recognized 
the importance of selecting normal popula- 
tions, of randomizing, of limiting variables, 
and other statistical precautions. In medi- 
cine, on the other hand, inferences have 
been drawn by leading clinical investigators 
from inadequately designed therapeutic ex- 
periments. Thus aureomycin was thought 
to be effective in the treatment of atypical 
pneumonia on the basis of a comparison 
of one year’s cases with previous experi- 
ence with the disease. A control group for 
sympathectomy in the treatment of essen- 
tial hypertension was made up from those 
who refused the operation, and a control 
group for the anticoagulant treatment of 
myocardial infarction was given no pills 
and was subjected to no frequent repeated 
venepunctures. 

A major reason for the invalidation of 
much published data in therapeutic re- 
search has been failure to take into account 
the placebo effect. Nevertheless, neither 
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placebos, important as they are, nor care- 
ful statistical analysis of data can correct 
errors in selection of patients or errors in 
experimental design. The time has come 
for the editors of our journals to apply the 
necessary criteria. Perhaps this journal will 
contribute richly toward the understanding 
of proper design and control in therapeutic 
research. By demanding high standards it 
may encourage workers to clearer thinking 
and through emphasis on excellence actu- 
ally recruit new and critical investigators 


into the field. 
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Commentary 


The use and misuse of statistics 


in medical publications 


Research workers’ widespread lack of understanding of the rationale of statistical 


techniques, and the frequent use of statistical tests as a substitute for 


thoughtful investigational design, meticulous work, and repetition of experiments, 


justify the antagonism to statistics exhibited by some experimenters. To one who has had 


personal experience of the way in which statistical thinking, as distinct from statistical 


arithmetic, can promote good investigation, this perversion of statistics is lamentable. 


It appears to be due, not so much to investigators themselves, but to the order in 


which experimenters’ statistics was developed by the pioneers and presented to research 


workers, because Fisher's “Statistical Methods” (1925), which discussed chiefly significance 


tests, preceded by ten years his “Design of Experiments,” which showed how to 


plan experiments in order to obtain unambiguous inferences from the tests. 


Other causes of misunderstanding are discussed, and, in an effort to promote a more rational 


attitude to statistics, nine suggestions are presented. 


Donald Mainland, M.B., D.Sce.* New York, N. Y. 


Department of Medical Statistics, New York University School of Medicine 


“Medical papers now frequently contain 
statistical analyses, and sometimes these 
analyses are correct, but the writers violate 
quite as often as before, the fundamental 
principles of statistical or of general logical 
reasoning.” This was written by Major 
Greenwood,® the English medical statisti- 
cian, in 1932, in the interval between the 
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appearance of the two books by R. A. 
Fisher (now Sir Ronald Fisher) that have 
been chiefly responsible, directly or indi- 
rectly, for the spread of statistical tech- 
niques among experimenters—Statistical 
Methods for Research Workers (1925)* and 
The Design of Experiments (1935).4 The 
techniques have entered every field of pure 
and applied science; and yet in 1950 Lan- 
celot Hogben,’ the experimental biologist 
who has become a medical statistician, 
could assert, without fear of serious contra- 
diction, that “less than 1 per cent of re- 
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search workers clearly apprehend the ra- 
tionale of statistical techniques they com- 
monly invoke.” 


The spread of stcatistics 


During the decade since Hogben wrote, 
statistical techniques have continued to 
spread. In medicine two prominent exam- 
ples are controlled clinical trials, and the 
search for causal factors in chronic dis- 
eases by a method which is called “epidem- 
iologic,” but is that of sample-survey 
statistics. 

The spread of statistics is, however, 
something more than the increased use of 
experiment designs and arithmetic tests. 
A book entitled An Introduction to Scien- 
tific Research, published in 1952 by E. 
Bright Wilson,'* a professor of chemistry, 
is essentially an application of statistical 
thinking to the performance of laboratory 
experiments. In The Common Sense of 
Science, Bronowski,' an applied mathema- 


tician, writes: “This [statistics] is the 
method to which modern science is mov- 
ing. . . . This is the revolutionary thought 
in modern science. It replaces the concept 
of inevitable effect by that of the probable 
trend.” 


Perversion of statistics 


To a medical research worker who, soon 
after the first appearance of Fisher's Sta- 
tistical Methods, started using the new 
ideas and techniques in his own work, saw 
their relevance to all medical research, and 
gradually obtained the label “statistician,” 
the triumph of statistics in the past thirty 
years might be expected to bring unalloyed 
pleasure. It does not. His impression, from 
reading medical literature and acting as 
consultant or collaborator in research, is 
that, although statistical thinking has 
spread, the misuse of statistical arithmetic 
has spread faster. It sometimes occurs to 
him that he might increase his income con- 
siderably by a standing bet with all con- 
tributors to certain prominent medical 
journals that their statistical tests were 
either unnecessary, misapplied, or misinter- 
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preted; and there would be little additional 
risk in keeping the bet open for articles in 
which a statistician’s name appeared in the 
acknowledgments or even among the co- 
authors. Unfortunately, the evidence on 
which the bets could be decided would 
often be missing. Procedures, circum- 
stances, and events in an investigation may 
seem so unimportant to the investigator that 
he may not even remember them, and yet, 
if known, they might render the statistical 
analysis ridiculous. 

The foregoing paragraph sounds like the 
usual statistician’s criticism of investiga- 
tors. On the contrary, it expresses a lament 
that a method of thinking, planning, and 
action which could lead to a better investi- 
gation is often perverted, so that it be- 
comes a set of gadgets that do more harm 
than good. This was doubtless what im- 
pelled a biochemist to declare recently that 
one cannot be a biostatistician and a good 
biochemist, for he had observed a phenom- 
enon that has become common in labora- 
tory publications. The verdict of a small- 
sample significance test, whether it is 
“significant” or “not significant,” appears 
very convincing to those investigators, edi- 
tors, and manuscript reviewers who do not 
know how little it really tells them. There- 
fore, a significance-test devotee can achieve 
a much higher manuscript acceptance rate 
per unit of time than one who tests his first 
results by abundant repetition of his exper- 
iments. Significance testing thus becomes 
a substitute for thought, clean experimenta- 
tion, and perseverance. Worse still, I have 
seen careful and critical experimenters, 
long resistant to statistical tests, become 
converted, and then draw from their tested 
data inferences which, in the days before 
their conversion, they would rightly have 
greeted with derision. 

A cause of perversion. A clue to one 
cause of the perversion of statistics can, I 
believe, be found in the order of publica- 
tion of Fisher’s two principal books on the 
subject. Statistical Methods was concerned 
very largely with the presentation of sig- 
nificance tests—devices whereby an investi- 





Volume 1 
Number 4 


gator could discover how often random 
(pure chance) variation, as in card shuf- 
fling or in taking of samples from a box 
containing thoroughly mixed uniform 
disks, would produce differences of the 
magnitude that he met in his investigations. 
The Design of Experiments ten years later 
showed how to set up experiments in order 
to utilize this knowledge of the results of 
chance—how to make chance work for us, 
e.g., by card shuffling or the use of random 
numbers in assigning treatments to subjects, 
so that at the end of an experiment we 
could say: “The cause of the observed dif- 
ference in outcome was either the random- 
ization or the factors |fertilizers, drugs, or 
the like] that we introduced. The random- 
ization has taken care of the effects of the 
innumerable, often hidden, factors that 
we did not eliminate (or balance in some 
systematic fashion) at the outset.” 

The order 9f appearance of Fisher’s two 
books represented the development of 
knowledge and methodology by pioneers; 
but it gave statistical arithmetic a ten 
years lead on statistical design, and even 
after The Design appeared, this lead was 
maintained or increased. Although The De- 
sign presented fundamental principles, ap- 
plicable to a wide variety of experiments, 
its chief flavor was agricultural, because 
that was the area where the theory and 
methods had been worked out. To many 
medical laboratory workers whose prede- 
cessors had for generations been designing 
experiments which had led medicine from 
empiricism into science, there seemed little 
need for trying to apply to their work the 
principles enunciated by an agricultural 
statistician whose lines of thought and 
style of presentation made comprehension 
difficult even for statisticians. 

Moreover, scientific methodofogy in the 
abstract is not interesting to many people, 
whereas techniques, which seem to have 
an immediate practical application, gain 
readier attention. Laboratory workers and 
clinical scientists came increasingly in con- 
tact, through statistical “cookbooks,” with 
such _ techniques—statistical test recipes, 
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both those that Fisher had invented and 
earlier recipes, which had originated with 
statisticians such as Karl Pearson. Thus 
there started the epidemic of statistical 
arithmetic. At first sight, investigators 
might appear to blame; but were they? 


Assumption of random variation 


In trying to answer that question it is 
interesting to look at the earliest and most 
familiar of the “small-sample” techniques, 
the t test, demonstrated by “Student” (the 
brewery chemist, W. S. Gosset) in 1908.1? 
As an example of the application of the 
t test, “Student” used data of Cushny and 
Peebles? from research on the sleep- 
inducing properties of hyoscyamine and 
hyoscine; and Fisher used the same data as 
his principal example of the ¢ test in Sta- 
tistical Methods. Because “Student” appar- 
ently miscopied the names of the drugs in 
his paper we shall label the compounds 
“A” and “B,” as did Fisher after the first 
few editions of his textbook. Each of 10 
patients received drugs A and B on differ- 
ent occasions, and the numbers of hours of 
sleep after administration of each drug 
were recorded. The data to be tested, there- 
fore, comprised ten B — A differences in 
hours of sleep, and “Student’s” conclusion 
from the t test was that the odds were about 
666 to 1 that B was a better soporific than 
A. 

One of the assumptions underlying this 
conclusion, although not explicity stated, 
was that the experiment had been so con- 
ducted as to control, as if by card shuffling 
or disk sampling, the effects of all the fac- 
tors, except the drug difference, that could 
cause a B— A difference—in other words, 
that the intersubject variation in the B — A 
differences was strictly random variation. 
In Fisher’s presentation the difference was 
described as “clearly significant” since the 
t valu. ‘ned from the sample was 4.06 
and trees of freedom “only one 
value «: uanured will exceed 3.250 by 
chance.” This statement does not, in so 
many words, attribute the difference in 
outcome to the difference in drugs, but the 
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inference is implied, and it becomes even 
more evident in Fisher’s discussion of the 
signs of the ten B — A differences, of which 
9 were positive, one difference being zero. 
He wrote: “. . . if the two drugs had been 
equally effective, positive and negative 
signs would occur with equal frequency.” 
Here was the same implicit assumption that 
“Student” had made—that the experiment 
had been so conducted that nothing could 
have caused the B — A differences except 
chance and the drug difference. The nature 
of this assumption, and how to make it more 
than an assumption by randomization, be- 
came clear in The Design of Experiments, 
but the same wording of the statement 
about positive and negative signs in Cushny 
and Peebles’ data has continued into the 
latest (1954) edition of Statistical Methods. 

This comment is not hair-splitting se- 
mantics; nor is the example unique. The 
“prime object” of Statistical. Methods was 
“to put into the hands of research workers, 
and especially biologists, the means of 
applying statistical tests accurately to nu- 
merical data accumulated in their own lab- 
oratories or available in the literature.” The 
reader who used the book for laboratory 
reference was cautioned to “work through, 
in all numerical detail, one or more of the 
appropriate examples, so as to assure him- 
self, not only that his data are appropriate 
for a parallel treatment, but that he has 
obtained some critical grasp of the mean- 
ing to be attached to the processes and re- 
sults.” This sounds like an excellent safe- 
guard; but, in fact, this thorough study of 
the examples leads the investigator no 
nearer to the “meaning to be attached to 
the results” than did “Student’s” or Fisher’s 
treatment of Cushny and Peebles’ data. 
It leaves to the opinion (or faith or desire ) 
of the investigator the decision that effects 
found in his data are due only to the fac- 
tors he is testing plus chance (strictly ran- 
dom error). For my part, I would be much 
more ready to accept, without any test at 
all, an experimenter’s opinion that an ob- 
served difference between two sets of meas- 
urements would rarely (or commonly) 
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occur if he wrote the measurements on 
cards and shuffled them a thousand times, 
than I would be to accept his opinion that 
his method of assigning treatments had 
been “equivalent to” randomization. 

“Random variation” seems to be often 
considered synonymous with “whatever 
variation the research worker has not taken 
care of by a_ systematic investigational 
scheme such as stratification, or by subse- 
quent arithmetic, such as covariance ad- 
justment.” Such ideas have probably 
arisen from our rather loose concepts of 
“chance” as comprising a multitude of 
causal factors that we cannot, or do not, 
identify. The same line of thinking prob- 
ably accounts for the impression which 
some investigators still retain, that a sig- 
nificance test is a magic device for deter- 
mining whether there was, or was not, 
some hidden bias in their investigation— 
as if a small value of P means a small prob- 
ability of bias. This perhaps explains the 
description of the function of a statistician 
that a research worker suggested recently, 
as follows: “Most of us are not Claude 
Bernards; therefore we need a statistician 
to tell us whether our conclusions are prob- 
ably right or probably wrong.” 

The Statistical Methods pattern of pre- 
senting techniques has been imitated by 
most of its simplified successors, and it is 
still often imitated by statistical writers in 
medical journals who present recently de- 
veloped techniques. Therefore, the labora- 
tory workers who in 1960 affirm that all 
they require from a medical statistician 
are mathematical formulas and computing 
services can point for their defense to a 
tradition sanctioned by the founders of 
experimental statistics and confirmed: by 
their followers. 

Sometimes I wonder whether the spread 
of perverted statistics would have been 
arrested if in 1935 Statistical Methods had 
been rewritten, with the fundamental ideas 
from The Design of Experiments attached 
to every numerical example, or if a frac- 
tion of the time spent by medical investiga- 
tors and their helpers during the past 
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quarter of a century on statistical arith- 
metic had been devoted, instead, to the 
study and application of the main ideas 
contained in the first half-dozen chapters 
of The Design of Experiments. 


Experimental proof and 
significance testing 


Some of us who have been acquainted 
with The Design throughout its career dip 
into its first few chapters again from time 
to time and discover statements that have 
more meaning for us now than they had on 
the first (or sometimes the tenth) read- 
ing. In sect. 7, for example, is the follow- 
ing passage: “In order to assert that a na- 
tural phenomenon is experimentally demon- 
strable we need, not an isolated record, but 
a reliable method of procedure . . . we 
may say that a phenomenon is experiment- 
ally demonstrable when we know how to 
conduct an experiment which will rarely 
fail to give us a statistically significant re- 
sult.” If instead of “a statistically signifi- 
cant result” we used a phrase such as “a 
result in the same direction and of similar 
magnitude,” Fisher’s statement would ex- 
press a fundamental part of the philosophy 
of experimentation, and would be remark- 
ably like one of the strongest criticisms 
that experimenters aim at statistics. 

The quotation must seem rather strange 
to those who think of Fisher as the creator 
and deifier of significance tests; but it ac- 
ually reveals rather well the attitude that 
he has displayed in personal communica- 
tions and in various written statements. 
Those workers for whom P = 0.05 has be- 
come a rigid stop-and-go sign might profit- 
ably reread his remarks on first presenting 
his table of P values for chi square (Statis- 
tical Methods, sect. 20): “In preparing this 
table, we have borne in mind that in prac- 
tice we do not want to know the exact value 
of P for any observed x*, but, in the first 
place, whether or not the observed value 
is open to suspicion. If P is between .1 and 
.9 there is certainly no reason to suspect 
the hypothesis tested. If it is below .02 it 
is strongly indicated that the hypothesis 
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fails to account for the whole of the facts. 
We shall not often be astray if we draw 
a conventional line at .05, and consider 
that higher values of x? indicate a real 
discrepancy.” 

Fisher’s view could, I think, be fairly ex- 
pressed as follows: Significance tests are 
useful tools to help an investigator to de- 
cide what to do next—not to tell him what 
to do. His data may show “no reason to 
suspect the hypothesis tested,” but “the null 
[no-difference] hypothesis is never proved 
or established, but is possibly disproved, in 
the course of experimentation” (Design of 
Experiments, sect. 8); and the investigator 
may have good reasons for not dropping 
the search. He can then increase the sen- 
sitiveness of his experiment quantitatively 
by taking a larger sample (Design, sect. 
11) or qualitatively by reorganizing the 
structure of his experiment or by refining 
its technique (Design, sect. 12), or, of 
course, by all three methods. 


Confidence limits 


Even more useful than a significane> 
test as a help for the investigator in decid- 
ing what to do next, and in revealing to 
him how little his data tell him, is an an- 
swer to the question: If, despite there 
being no proof of a difference (e.g., be- 
tween the effects of two drugs) a real dif- 
ference exists, how large or how small 
may it be? Although not expressed so 
simply, this was the kind of question that 
was answered in Fisher's discussion of the 
probable limits of a mean difference (De- 
sign, sect. 62), and it is unfortunate that 
this matter, so important to research work- 
ers, became obscured by arguments among 
statisticians regarding differences in the 
reasoning processes underlying “fiducial” 
limits and “confidence” limits. 


Nine suggestions for developing 
a more rational attitude to 
statistics 


As time goes on, more investigators will 


learn to distinguish the counterfeit, useless, 


or dangerous from the genuinely scientific 
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and useful elements in statistical proced- 
ures; but gadgets and bad habits spread 
more easily than does critical thinking, and 
unless we make positive efforts improve- 
ment will be slow. As an attempted contri- 
bution to such efforts, nine suggestions have 
been prepared. 

Some statisticians may dislike the criti- 
cism implied in some of the remarks, but 
I believe that many of them will agree that 
it is better to encourage, and try to answer, 
penetrating questions, than to wait until 
investigators discover for themselves the 
spurious elements in statistical practice and 
by their criticism cast suspicion on all sta- 
tistics. Hogben’s® recent attack on Fisherian 
and other statistics is so wholesale and so 
difficult for many research workers to fol- 
low, that statisticans probably need have 
little fear of its consequences. But I doubt 
whether the same equanimity could be 
maintained if some research-workers, well 
acquainted with the real meaning of sta- 
tistical tests, estimates, assumptions, and 
predictions, were to go in detail through 
a number of investigations in which statis- 
tical help had been obtained, and were 
then to describe, in terms that other re- 
search workers could understand, the de- 
tails of the investigations, the statistical 
analyses, and the conclusions that had been 
drawn. 

The nine suggestions that may help us to 
develop a more rational attitude to statistics 
are as follows: 

I. Avoidance of preconceptions and prej- 
udice. To obtain a fresh look at statistics, 
we should try first to get rid of our pre- 
conceived ideas about it and our prejudices 
either against it or in its favor. 

II. Knowing what we are doing. If we 
are going to use statistical ideas and the 
resulting techniques in the design, conduct, 
and analysis of our investigations, and yet 
retain the title “investigator,” it seems es- 
sential that we know what we are doing, 
and why we are doing it. Statistical think- 
ing is, essentially, thinking about variation 
(i.e., differences between things, events, or 
phenomena that bear the same label) and 
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about the methods of dealing with varia- 
tion; and if we are content to let someone 
else do this thinking and tell us what to 
do, we are, it seems to me, accepting the 
role of technician. 

III. Experiments and surveys. A useful 
way of starting to clarify our thoughts 
about analysis and inference is to distin- 
guish between an experiment, in the strict 
sense, and a survey. In an experiment, in 
the strict sense, we assign the factors under 
test at will to the individuals that comprise 
our experimental material (patients, ani- 
mals, or bacterial culture tubes); therefore, 
we can assign by a method (randomiza- 
tion) which leads to the “either chance or 
the factors under test” type of inference. 

Most clinical researches and many labor- 
atory investigations are not experiments in 
the strict sense, because we do not (often 
cannot) assign the factors under test (e.g., 
diseases) at will. Such investigations are 
best called “surveys,” however small the 
sample size and however complex the pro- 
cedures to which we subject our material. 
We may speak, loosely, of “Nature’s experi- 
ments’ in the assigning of diseases or other 
features, and there is always some random- 
ness (several factors acting independently 
of each other) in such phenomena; but Na- 
ture does not try to randomize, and we 
know, from card shuffling, disk sampling, 
and the like, what prolonged efforts are 
necessary to remove trends and clusters. 
Therefore, although we may, for practical 
purposes, choose to accept the results of 
a survey as a demonstration of a causal re- 
lationship, we should remember that a sur- 
vey, or even a million surveys on the same 
topic, can demonstrate only an association 
between the factors under test and the 
phenomena they seem to cause. 

IV. The basis of statistical arithmetic. 
Whenever we use statistical arithmetic we 
should insist on seeing as clearly as possible 
the reasoning and knowledge on which it is 
based. This does not mean trying to under- 
stand the mathematical proof of a formula, 
because mathematical proof is no proof 
that the formula is safe in the real world. 
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To illustrate, let us suppose that we have 
conducted a clinical trial, after randomiza- 
tion (e.g., by card shuffling) of drugs A 
and B to 20 patients each, and that we 
emerge with 16 “successes” in the A group 
and 10 in the B group. The question that 
we wish our significance test to answer is 
this: If we performed a large number of 
card shuffling trials, always with 40 cards, 
26 marked “S” (success) and 14 marked 
“F” (failure), and in each trial dealt them 
into two piles, 20 A’s and 20 B’s, in what 
percentage of trials would we find as strong 
apparent evidence of an A-B difference as 
we did in our clinical trial, ie., 16 (or 
more ) S’s in one pile and 10 (or fewer) in 
the other pile? We have, of course, already 
decided that if this percentage is less than 
5 per cent (or less than 1 per cent or some 
other figure), we are going to accept it as 
evidence that the randomization in the clin- 
ical trial did not account sufficiently for 
the observed difference in outcome. 

Testing fourfold frequency tables. There 
are four ways in which we could find the 
required percentage of random arrange- 
ments: 

A. We could actually perform the card 
shuffling trials, say a thousand or more. 
This would be time consuming; but in more 
complex problems, where we have no math- 
ematical short cuts, this Monte Carlo 
(“gambling”) method is much used. 

B. We could write out all the possible 
arrangements of 26 S’s and 14 F's in two 
groups of 20, and find the percentage of 
these arrangements that met our require- 
ments—16 or more S’s in one group, 10 or 
fewer in the other group. At this point we 
should watch our reasoning. We would be 
implying that, if we performed card shuf- 
fling trials, each of the possible arrange- 
ments, which we had written out, would 
occur with equal frequency—more exactly 
that, as we continued the shuffling trials, 
we would find that the percentage fre- 
quencies of each of the possible arrange- 
ments would approach equality. The reason 
for this belief is based on some centuries of 
experience of games of chance. 
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C. The writing out of all possible ar- 
rangements is, of course, not practical, be- 
cause their number, even with these small 
samples, would run into many millions; but 
fortunately we can obtain the information 
that we need by a mathematical method, 
which is based on the discovery, made 
about the end of the seventeenth century, 
that the binomial expansion represents 
what is found in certain kinds of games of 
chance. 

In the fifth (1934) edition (sect. 21.02) 
of Statistical Methods, Fisher showed how 
to use the binomial expansion for problems 
like our two-sample success-failure data. 
His “exact test for 2 « 2 tables” enables 
us to find, not the millions of possible in- 
dividual arrangements, which we do not 
need to know about, but the percentage 
frequencies of the various classes of these 
arrangements, such as 16 S’s in one sample 
of 20 with 10 S’s in the other sample, 17 and 
9, 18 and 8, etc. The easiest way for an 
experimenter to obtain insight into the 
method is to take an imaginary group of, 
say, 8 subjects containing 5 S’s and 3 F’s, 
and write out all the possible ways (70) in 
which two samples of 4 subjects can be 
formed. It will be found that 14.286 per 
cent of these arrangements contain 4 S’s in 
one sample and 1 § in the other, while 
85.714 per cent contain 3 S’s in one sample 
and 2 S’s in the other—exactly the propor- 
tions found by applying the “exact” 
method, either from Fisher’s description or 
from more detailed arithmetic instruc- 
tions. * 

D. The “exact” method is rather laborious, 
and therefore the chi-square test for 2 x 2 
tables is commonly used instead. This was 
devised, before the “exact” test, for com- 
paring two samples taken at random from 
the sa.ne “infinite” population; that is, the 
conditions are not quite the same as the 
random assignment of a specified number 
of S’s and F’s in two finite samples. There- 
fore, in order that we may trust the chi 
square test as a substitute for the exact test, 


*For example, Mainland,” p. 274. 
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we require empirical evidence—numerous 
comparisons of the two tests. Such com- 
parisons?! have shown that chi square 
with “Yates’ correction” is, with rare ex- 
ceptions, a safe test for significance at the 
5 per cent and 1 per cent levels if we de- 
mand a chi square value greater than 4 
as an indication of P less than 0.05 and a 
value greater than 7 as an indication of P 
less than 0.01. The rare exceptions are easily 
detected by applying certain precautions.’ 
Even the arithmetic of chi square, and the 
residual doubts regarding its safety, can be 
avoided for pairs of equal samples con- 
taining up to 500 individuals in each sam- 
ple, and for unequal samples up to size 
20, by merely taking our data to published 
tables." 

Testing measurement data. As we have 
seen, it is not very difficult to appreciate 
what is going on in a 2 X 2 table frequency 
comparison. In other statistical arithmetic, 
especially tests of, and estimations from, 
measurement data, we run into assump- 
tions. Worse still, we often do not run into 
them; we are either not told about them, 
or we are told about them so cryptically 
that we do not appreciate their implications. 

One of the assumptions made in many 
statistical tests and estimates is the Gaus- 
sian frequency-curve assumption; e.g., 
tables for use in the ¢ and F tests are de- 
rived from mathematically exact Gaussian 
distributions. 

An assumption that is often involved in 
the interpretation of tests is the “homogene- 
ity” of variation within the different groups 
that are compared or combined—that is, the 
assumption that the intragroup variation 
does not differ from group to group more 
than in random samples from the same 
population. 

In making estimates after regression an- 
alysis many investigators hardly seem to be 
aware that they are assuming a straight-line 
relationship—an assumption which, if they 
really thought about the phenomena under 
study, they might seriously question. 

Strictly speaking, the assumptions are 
that our measurements do not depart from 
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the prescribed conditions (the Gaussian 
curve, equality of variation, linearity of 
regression, and so on) enough to vitiate 
our tests and estimates. Therefore, it might 
be supposed that if we apply tests to our 
data (e.g., a test for skewness or for dif- 
ference in intrasample variation) and ob- 
tain a nonsignificant result, the assumptions 
will be safe; but this is by no means true. 

Although the Gaussian assumption is 
perhaps not as dangerous as others, at least 
when it is involved in the comparison of 
mean values, we can use it as an example, 
because its defenses are multiple. 

THE GAUSSIAN ASSUMPTION. First, we may 
recall the remark that has been attributed, 
in various forms, to several different au- 
thors: “Everybody believes in the Gaussian 
law—the experimenters because they think 
it can be proved by mathematics, the math- 
ematicians because they think it has been 
established by observation.” We shall look 
at three defenses of the Gaussian as- 
sumption: 

A. It has been shown that if the varia- 
tion between measurements is caused by 
factors that are independent of each other, 
even if the factors are few in number (four 
or five), the frequency distribution resem- 
bles a Gaussian distribution. 

B. It has been shown mathematically 
that, whatever the shape of the frequency 
distribution in the parent population of 
measurements, when random samples of 
the population are taken, the frequency dis- 
tribution of the means of those samples be- 
comes more and more nearly Gaussian in 
shape when the sample sizes are increased. 

C. Textbooks and statisticians often as- 
sure us that explorations of data have 
shown that we shall “seldom be led astray” 
if, under certain (rather loosely defined ) 
conditions we use tests or estimates de- 
rived from the Gaussian distribution. 

These explorations sound analogous to 
the exploration that has given us confidence 
in the 2 X 2 chi square; but the situation 
is very different. In testing chi square, ran- 
domization trials or display of all possible 
arrangements was not necessary, because 
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Fisher’s “exact” test gave the required in- 
formation; but when we have a set of meas- 
urements and wish to make all possible ar- 
rangements of them in two or more samples 
of a specified size, there is no mathematical 
short cut to the exact results. Except with 
extremely small samples, this permutation 
labor is too heavy; therefore randomization 
is employed instead. By the use of random 
numbers the cards bearing the measure- 
ments are arranged in two samples (or in 
more than two samples when the F test is 
being studied), and the ¢t (or F) test is 
applied. This is repeated, say 1,000 times, 
to find whether the various t (or F) values 
occur approximately with the frequencies 
required by the Gaussian distribution 
theory. 

The other great advantage in the valida- 
tion of chi square is the simplicity of the 
data. We are concerned simply with the 
numbers of X’s and not-X’s, whatever X 
may stand for; and a pattern of agreement 
between chi square and the “exact” test 
quickly emerges—for example, the @ ~ree- 
ment improves as the X’s and not-X’s be- 
come more nearly equal in number. By con- 
trast, possible varieties of samples of meas- 
urements are innumerable. Therefore, we 
may laboriously validate t or F for one set 
of measurements but feel no safety in ap- 
plying the results to a set of measurements 
of a different kind, even if sample sizes are 
the same as in the set we have tested. 

Because of the heavy labor of empirical 
testing, very few extensive explorations 
have been made; and the same is true of 
the validation of most other assumptions. 
Electronic computers reduce the labor 
greatly, but it would take a long time to ex- 
plore the infinite variety of medical meas- 
urement data. Actually, research workers’ 
confidence in the tests and estimates seems 
to depend largely on the fact that statisti- 
cians or textbooks have shown them how 
to perform the arithmetic; and statisticians’ 
confidence in the techniques often seems 
rather analogous to some physicians’ faith 
in uncontrolled clinical experience when 
evaluating drugs. 


Commentary: Use and misuse of statistics in medicine 419 


GAUSSIAN ASSUMPTIONS AND CLINICAL 
“NORMALITY. Perhaps a medical research 
worker feels justified in accepting at sec- 
ond hand the statisticians’ faith when he 
feels unable to judge for himself; but this 
hardly justifies him in exceeding the statis- 
ticians in faith, especially in matters where 
he can obtain some direct evidence. For 
example, the Gaussian assumption perhaps 
often does little harm when we are compar- 
ing mean values; but this does not justify 
us in trusting it for individual measure- 
ments. So many frequency distributions of 
anatomic, physiologic, and biochemical 
readings are obviously non-Gaussian that 
it is surprising to find clinicians accepting 
the Gaussian curve—the “normal” (i.e., 
standard) curve in the mathematical sense 
—as a standard biologic phenomenon when 
they are assigning upper and lower “nor- 
mal” limits in the clinical sense, and ac- 
cepting the standard deviation, a mathe- 
matical convenience, as if it were a biologic 
standard. 

In choosing standards of clinical “nor- 
mality” it is much more reasonable to make 
no assumptions regarding the shape of the 
frequency distribution and to use, instead 
of multiples of the standard deviation, the 
easily comprehended and _arithmetically 
simple method of percentiles.® 

Questions regarding assumptions. Sec- 
ond-hand faith is not a sound basis for a 
rational attitude to statistics. Therefore, 
before doing any statistical arithmetic we 
ought to ask three questions: 

A. Instead of doing this arithmetic, how 
could we find the information that we de- 
sire by randomization trials? In general, for 
significance tests the trials would be of the 
card shuffling type, for confidence limit es- 
timates they would be of the disk sampling 
type; but for each particular test or esti- 
mate we ought to be as specific as possibie 
regarding the procedure. 

B. What are all the assumptions that un- 
derlie the arithmetic? 

C. What is the risk that the arithmetic, 
based on these assumptions and applied to 
our p. ¢ticular data, will give us an answer 
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(significance verdict, confidence limit, or 
other estimate) that will lead us to a dif- 
ferent course of action than would the an- 
swer obtained by prolonged randomization 
trials? 

For the reasons indicated above, the 
reply to the third question is often vague; 
and I am beginning to wonder if we can 
ever feel confident that the risk of wrong 
action is negligible unless a method which 
avoids the assumptions would give us the 
same verdict as an assumption-cluttered 
method. That is why rank-order tests in 
which measurements, in ascending order, 
are replaced by ranks (1,2,3,etc.), have a 
strong appeal, apart from their intelligibility 
and their arithmetic simplicity. They are 
not quite as sensitive in detecting real dif- 
ferences as are t and F tests; but often a 
slight increase in sample size will com- 
pensate for this defect. Theoretical statisti- 
cians ought to be encouraged to invent 
a wide variety of rank-order tests, and sig- 
nificance tables to use with them. 

V. Obeying the rules of the game. If we 
wish to play the game of statistical arithme- 
tic we ought to obey the rules of the game. 
For example, let us suppose that we per- 
form an experiment on a certain number 
of animals, test the result (e.g., by t or chi 
square) and find that it has not quite 
reached the chosen level of significance. 
If we repeat the experiment on some more 
animals, pool the data with the previous 
set, test again and accept the result if it 
is “significant,” we are fooling ourselves and 
others. The probability tables of t and chi 
square say that, if we take random samples 
from the same population we shall meet 
such and such values (of ¢ or chi square) 
in a certain percentage of trials. But the 
samples to which we applied our final test 
were not random; they were determined in 
part by what we found after the first 
experiment. Therefore, when there is no 
real (population) difference we shall find 
more than 5 per cent of differences “sig- 
nificant at the 5 per cent level.” If we wish 
to do step-by-step testing, we must adopt 
another design, usually a “sequential” de- 
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sign, and that, also, has rules that we 
must obey. 

VI. Disagreeable doubts. We ought not 
to dodge disagreeable doubts. For example, 
at the end of an experiment we say- that 
the alternative causes of the result are 
“either chance (our randomization) or the 
factors under test”; but how do we know 
that our randomization was truly random? 
Random numbers, which we commonly use 
nowadays, are safer than any single card 
shuffling or disk sampling, for they have 
been extensively tested by comparing them 
with what would occur if card shuffling 
could be perfect; but for randomizing in 
a particular experiment we may have 
picked an area where there is some cluster- 
ing or systematic sequence of digits. Again, 
in spite of every precaution in a double 
blind trial a leak of information may have 
occurred. All that we can say after any 
single experiment is that we believe the 
risks are trivial compared with the allow- 
ance that we make for purely random vari- 
ation; and we must remember that, in 
Fisher’s words, “an isolated record” is not 
an experimental proof. 

VII. Limitations of confidence limits. 
When we meet, or make, confidence limit 
estimates we should know their limitations. 
If a consignment of screws or tables or 
raisins is sampled by a random method and 
in the sample Y per cent of the items are 
defective, we can find lower and upper 
confidence limits, X and Z per cent, and 
make a statement such as: “The propor- 
tion of defective items in this consignment 
may lie anywhere between X and Z per 
cent, but there is a probability of at least 
95 per cent that it does not lie outside those 
limits.” 

If after a laboratory or clir.cal experi- 
ment the same kind of statement is made 
regarding percentage frequencies or mean 
differences or other measurements, we 
should change the wording after “but” 
into a form such as “if our sample were a 
strictly random sample of its population 
there would be a probability of at least 95 
per cent that. . . .” In dealing with meas- 
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urements we should often add other “if” 
clauses, such as “if the frequency dis- 
tribution of the population were strictly 
Gaussian.” 

In whatever detail we describe our lab- 
oratory animals or patients, we cannot 
safely consider them as strictly random 
samples of the populations so described. 
The great value of confidence limits, there- 
fore, is that they reveal how little we know 
by showing us how little we would know, 
even if our samples were strictly random. 
The only way to learn something about the 
safety of our numerical or other findings is 
by more extensive exploration, i.e., repeti- 
tion of the experiment under other condi- 
tions, in other places, and at other times, 
and by probing more deeply, to discover 
underlying mechanisms. 

VIII. Is the technique really useful? 
This is a very effective question in our ef- 
forts to evaluate statistical methods—to 
break away from habit and tradition, and 


to avoid being mesmerized by methods of 
experiment design and analysis invented by 
some statistical mathematicians “who do 
most valuable work in the theoretical de- 
velopment of the subject, but who have no 
serious interest in the applications of sta- 
tistical methods to happenings in the real 


world . . . [and] seem to imagine that 
they can design and analyze experiments 
on pigs one day and on pig iron the next 
without knowing anything about the per- 
sonal pecularities of either animal.”* 

“Is it useful?” implies several questions 
such as “Does this technique (of design 
or analysis) tell us what we actually wish 
to know?” and “Is it reliable enough for 
our purpose?” If we cannot answer such 
questions, surely we ought not to employ 
the techniques. 

IX. Avoiding the blind use of techniques. 
The thorough application of | statistical 
thinking to the design, performance, and 
analysis of an investigation is an art in 
which even experienced practical statisti- 
cians make mistakes. A fortiori, even a se- 


*Finney, D. J.: Personal communication. 
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nior research worker, if he has previously 
done nothing with statistical techniques 
except apply tests, is likely to go astray, 
even in apparently simple projects, unless 
he is willing to be guided in planning and 
conducting his investigation by someone 
(whether labeled “statistician” or not) who 
is truly able to guide him. 

To be a safe guide a statistician must, 
as Bradford Hill has said, immerse him- 
self in the particular project “up to his 
neck.” Some statisticians, it is true, are 
willing, or are forced by financial or other 
pressures, to dip no more than a finger or 
two into projects in which they will be held 
responsible for analyses and inferences. 
Probably this is one reason why many in- 
vestigators, administrators, and research- 
sponsoring agencies appear to think either 
that one or two fingers will suffice or that 
a statistician has an unlimited number of 
necks. Actually, there are not enough suit- 
able persons to guide, in two or three proj- 
ects per investigator, more than a small 
fraction of the investigators who are willing 
to be guided. Therefore, it might seem that 
we must continue for years to witness such 
pathetic events as the arrival at a statisti- 
cian’s office of a junior research worker or 
graduate student to have a test done be- 
cause his research advisor fears that an edi- 
tor, or the editor’s statistical referee, or a 
thesis-review committee will frown upon 
a report that is lacking in tests. A more 
likely, and more fearful, alternative is that 
more research advisors will learn to do the 
tests themselves and show their disciples 
how to do them. 

Such a depressing prophecy could, I 
think, be falsified if investigators would 
stick boldly by a belief to which we all pay 
lip service: the belief that a research worker 
can contribute valuable information if he 
will confine himself to efforts that are 
within his knowledge and skill, plan his 
work with much thought, perform it me- 
ticulously, record the observations in de- 
tail, criticize his results severely, and offer 
a modest—“it seems as if’—conclusion. 

A report of such work often reveals ba- 
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sically statistical thinking, and it is a pity 
that the author does not know how much 
he could be helped by more knowledge of 
the art; but this is no reason why he should 
sprinkle his report with sigmas, t’s, F’s, P’s 
and the like, when he has not planned and 
conducted his work so that these things will 
have a real meaning, and when he does not 
understand what they mean. Why should 
it not be permissible for him to state that 
he had not the knowledge, or adequate 
guidance, to design and conduct the re- 
search in such a way as make statistical 
tests and estimates meaningful? 


Attitude to statisticians 


If we developed a better-informed at- 
titude to statistics we would develop a 
more realistic attitude to statisticians. For 
example, if we took our data to a statisti- 
cian after an investigation we would choose 
one whose office would merit the title be- 
stowed on the office of Professor Green- 
wood whose remarks were quoted at the 
beginning of this article—“The cold water 
department.” We would vie with the statis- 
tician in the hunt for defects in our work, 
and would be suspicious of those statisti- 
cians who applied tests to such post facto 
data, unless they did so in order to reveal 
defects and limitations. If we reported any 
of their tests we would report, also, their 
precise interpretations. We would be sus- 
picious of those statisticians who are will- 
ing to give us advice at the outset of our 
investigation and then, having had little or 
no contact with the work during its prog- 
ress, perform analyses and give us unquali- 
fied positive answers at the end. 

We would, of course, condemn those in- 
vestigators who in their reports shelter 
themselves behind statisticians’ skirts, or 
who, in order to win approval for a grant 
application, name a statistician as cooper- 
ator without first obtaining his permission 
and giving him time (usually several 
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months) to cooperate in preparing the 
plan. 


A hope for the future 


The foregoing suggestions are presented 
in the hope that they will be supplemented 
by other writers, and will, by reducing the 
perversion of statistics, enable medical re- 
search workers to benefit from true statisti- 
cal thinking. 
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Symposium on the 


study of drugs in man 


Part IV. Some social and cultural factors in American 


society conducive to medical research 


on human subjects 


Because the role of medical research subject and the role of clinical investigator 


in the United States hold forth a series of instrumental, value-symbolic, prestige, and 


sociopsychological attractions and rewards, there are many persons in 


our society willing and able to undertake these roles, despite some of the strains they also 


entail. We suggest that the social and cultural factors which help to make the 


roles of investigator and subject practicable, tolerable, and rewarding in our society 


are not necessarily present in the same combination or to the same degree 


in other, present-day Continental European countries. Partly as a consequence, 


conducting medical research on human subjects seems to occur 


less frequently and involve more strain in those societies than in our own. 


Renée C. Fox, Ph.D. New York, N.Y. 


Barnard College, Columbia University 


Precise statistics regarding the amount 
of human experimentation which is being 
conducted in present-day American medi- 
cine are hard to obtain. However, the gen- 
eral consensus on the part of persons cur- 
rently writing about this form of medical 
research seems to be that in recent years 
the felt need for such experimentation on 
human subjects and its actual occurrence in 
our society have dramatically increased: 


“The development of medicine, the safe- 
guarding of health and some types of basic 


scientific advance all require human experi- 
mentation . . . . While prior experimentation in 
animals is absolutely necessary, when possible, 
the crucial study of new techniques and agents 
must be carried out in man... . Man as the 
essential final test site has come into adequate 
prominence only in recent decades. The cur- 
rent development of human _ biochemistry, 
human physiology and human pharmacology 
has m-e it plain that man is the ‘animal of 
> | nen 


‘ 


Chere is every reason to believe that 
there .as been a substantial increase in the 
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number of physicians who are engaged in 
more or less organized meddling with the pri- 


vate hemeostases of the hospital patients of 
America... .”* 


“The public interest in medical research, as 
evidenced in the mounting and spectacular 
support of private, voluntary, and government 
medical research of all types, clearly demon- 
strates current popular favor. Never have we 
witnessed such all-out willingness to conquer 
disease and to prevent illness, even to at- 
tempting the halt of the aging process. Accep- 
tance has been active, through participation in 
anti-poliomyelitis vaccine trials, multiphasic 
screenings for cancer, tuberculosis, community 
election of fluoridation, and agreements to 
periodic check and control for cardiovascular 
disease. Institutionalized populations have 
been subjected to drug trials, nutrition experi- 
ments, metabolic regimens, and_ respiratory 
virus effects. Successful drives on the part of 
eye banks, organ and tissue banks, blood pools 
are further salutes to science . . . .”15 


Various objective indicators that point to- 
ward the continually increasing amount of 
human experimentation in American medi- 
cine are suggested by these and other 
writers. For example, as Dr. J. Howard 
Means”? reminds us, it is only in this cen- 
tury that we have had the emergence and 
significant development of a_ specialized 
role devoted to medical research on human 
subjects: the role of professional clinical 
investigator: 

“For many years discovery and _ research 
were incidental to medical practice. The prac- 
titioners who staffed the hospital accomplished 
them in their stride. Toward the end of the 
first hospital century, however, what may be 
called the ‘professional clinical investigator’ 
made his appearance . . . . [The] professional 
clinical investigator . . . is a product largely 
of the present century... .” 


Dr. Walsh McDermott has provided 
some data on the growing number of young 
doctors who engage at least temporarily in 
clinical investigation on the way toward 
certification for various kinds of special- 
ized medical practice: 


®McDermott, W.: A Consideration of the Present Ethics 
of Clinical Investigation, unpublished paper. 
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‘, .. [There] has been an amazing enlarge- 
ment of the total pool of young people en- 
gaged at any one time in clinical investiga- 
tion... . One index is the fact that one or two 
thousand non-member young people attend the 
meetings of the Society for Clinical Investiga- 
tion .. . at Atlantic City each spring, Another 
index is the number of postdoctorate research 
fellowships awarded by the National Institutes 
of Health which now reach between 450 and 
500 per year with a great predominance in 
the clinical field. The voluntary health organ- 
izations in tuberculosis, cancer, heart, multiple 
sclerosis and so on. . . each has its own well 
developed fellowship program.”* 


One of the factors contributing to the 
enlarged number of available clinical re- 
search positions currently occupied by 
American physicians, of course, is what has 
been referred to as the “mounting and spec- 
tacular” financial support of medical re- 
search by the American public. This, too, 
is a measure of the impressive amount of 
medical experimentation on human _ sub- 
jects now taking place in our society. For 
example, in President Eisenhower’s Budget 
Message presented to Congress in January, 
1960, the following statement was made 
about the expanding amount of Govern- 
ment money being allocated to clinical 
medical research: 


“<< 


The Federal Government has ex- 
panded its public health programs and is ac- 
tively seeking solutions to the Nation’s health 
problems. Expenditures in the fiscal year 1961 
are estimated to total $904 million, which is 
$53 million more than in 1960 and nearly three 
times the level five years earlier. The largest 
part of the increase is for medical research 
and the training of research workers through 
programs of the National Institutes of Health, 
for which the estimated expenditures of $390 
million in 1961 will be four times as great as 
five years ago... .” 


What is more, Government funds repre- 
sent only part of the funds currently being 
invested in clinical medical research. Gen- 
erous financial support also comes from uni- 
versities and medical schools, industry, and 


®McDermott, W.: A Consideration of the Present Ethics 
of Clinical Investigation, unpublished paper. 
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philanthropy. For example, the American 
Heart Association alone has allocated sev- 
eral million dollars for 1960-1961 to support 
a “far-reaching nationwide research pro- 
gram into diseases of the heart and blood 
vessels, including congenital heart defects”: 


«“< 


. . Allocations of almost $2 million in 
support of this research have been made by 
the American Heart Association’s research 
committee: for the 1960-1961 fiscal year, the 
association announced last week. These 
awards, the first part of the national program 
for 1960-1961, provide for 187 fellowships 
and lifetime investigatorships. They will be 
supplemented shortly by allocations of about 
$1.5 million as grants-in-aid, all from funds 
contributed to the 1959 Heart Fund cam- 
paign. .. .”24 


Mention of the National Institutes of 
Health in the foregoing passage suggests 
another indication that the amount of med- 
ical research on human subjects in this so- 
ciety is mounting. For, in 1953, at the Clini- 
cal Center of the National Institutes of 
Health in Bethesda, Maryland, a 500 bed 
hospital unit for persons voluntarily under- 
going various kinds of medical research was 
opened. This is a colossal version of the 
growing number of research wards spe- 
cifically designed to carry out studies in 
patients which have been established in 
American hospitals in recent years.* In ad- 
dition, a certain number of beds in every 
hospital affiliated with a medical school in 
the United States are given over to pa- 
tients participating in research. 

It is not only patients who serve as vol- 
unteer. subjects for medical investigation. 
It has been estimated that as many as 
20,000 Federal prisoners are participating 
as volunteers in medical experiments.** 
Men in the Armed Forces, persons of spe- 
cial religious or ideological conviction 


" One of the very earliest of such units was the Me- 
tabolic Ward at Bellevue Hospital in New York City, 
founded in 1913 by the late Professor Graham Lusk and 
Dr. Eugene F. Du Bois, and supported by the Russell 
Sage Institute of Pathology. A second is the Mallinckrodt 
Research Ward (Ward 4) of the Massachusetts General 
Hospital for endocrinologic and metabolic research, founded 
in 1925. 
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(such as Quakers, Mennonites, members of 
the Assemblies of God and Church of the 
Brethren), scientists, physicians, nurses, 
technical aides, and students are among the 
groups from which it is known that a sig- 
nificant number of persons enter into the 
role of volunteer research subject. 

Indeed, even the casual patient seen by 
the doctor in his office or at home may now 
be a quasi-volunteer in a quasi-experiment. 
All diagnosis and treatment involve some 
element of experiment. “If it comes to that,” 
Sir Geoffrey Jefferson" has said, “all medi- 
cal treatment is also experimental. . . . The 
prescription even of rest in bed for two or 
three weeks, or of a bottle of cough mix- 
ture, are experiments, the results of which 
deserve closer observation and quantitative 
analysis than they get.” This element of ex- 
perimentation has been enlarged by the 
rapidity with which new medical tech- 
niques, especially new drugs, move from 
the laboratory to the doctor’s office. In the 
United States, at present rates of develop- 
ment, about 400 “new” drugs are offered 
by pharmaceutical manufacturers to prac- 
ticing physicians every year. The patient 
who accepts the new drug which the doc- 
tor says he would like to “try out” is in 
some measure a volunteer in the wide- 
spread experiment to test its efficacy and 
side effects. 

Furthermore, as already mentioned, since 
World War II, we have seen and partici- 
pated by the thousands in a new, mass- 
organized kind of research on human be- 
ings. The most notable example of this sort 
of large-scale research was the trials with 
Salk poliomyelitis vaccine recently con- 
ducted on a nationwide basis. 

The purpose of this paper is to explore 
some of the reasons for which a continually 
increasing amount of medical research on 
human subjects seems to be taking place 
in American society. It is our basic hypothe- 
sis that certain social and cultural factors 
in our society which support and surround 
clinical medical research not only create 
many situations in which persons are 
needed and requested by physicians to act 





as research subjects, but also help to posi- 
tively motivate a significant number of 
individuals to undertake this role. Implicit 
in our hypothesis is a second, comparative 
assumption: that this constellation of social 
and cultural factors is not present in the 
same way or to the same degree in other 
contemporary Western European societies, 
and that, partly as a consequence, there is 
significantly less likelihood that persons in 
those societies will be asked by physicians 
to participate as subjects for medical re- 
search, or will desire and agree to do so.* 


Availability of funds and equipment 
for clinical medical research 
in the United States 


Perhaps the factors most widely recog- 
nized and frequently cited as conducive to 
extensive medical research in American so- 
ciety (and hence, indirectly, to the partici- 
pation of many persons as medical research 
subjects ) are the ample funds and technical 
facilities available to physicians and medi- 
cal scientists for the conduct of such experi- 
mentation. Numerous European physicians, 
for example, have attributed the impressive 
amount and vigor of medical research in 
the United States to the fact that “this 
country enjoys financial sources which are 
infinitely superior to those of Europe.”** 
The availability and provision of such re- 
sources for clinical medical research, of 
course, are fundamentally connected with 
the relative economic affluence of our so- 
ciety. But, as a young, European-born re- 
search physician has recently pointed out, 
national prosperity per se is not the sole and 


*This assumption is not only based on some of _ the 
published literature I shall cite in the course of this paper, 
but also on some of the observations I made and _ inter- 
views I conducted in various French, Swiss, and Belgian 
university medical centers. For, from June to September 
of 1959, with the help of a stipend from the Council for 
Research in the Social Sciences of Columbia University, 
I began the exploratory phase of an inquiry into problems 
of clinical medical research in a Continental European so- 
ciety. The particular site of my long-range study will 
probably be Belgium, where I shall continue my research 
this summer, with the assistance of a Commission for Relief 
in Belgium Special Fellowship of the Belgium American 
Educational Foundation. 

+Translations from the French are by the author. 
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perhaps not the primary reason for the 
great amount of excellent medical research 
being conducted in the United States today. 
The fact that “this country is wealthy and 
{that] American laboratories receive many 
funds from different sources,” is “indis- 
putable,” he writes. “But Western Europe is 
far from being poor.” 

“No, it is not only a question of money,” 
writes the special correspondent in Rome 
for the Belgian newspaper La Libre Bel- 
gique, in a recent article on why so many 
young Italian scientists are leaving their 
country and coming to the United States 
to pursue their research: 


“... It is true that the most simple scientific 
laboratory today costs several million francs, 
and that for certain experiments, even larger 
funds are necessary; but what Italian scientists 
complain about—particulary physicians—is that 
in Italy today, the public and the Government 
are not sufficiently aware of the importance of 
scientific research in the technical and indus- 
trial revolution. Italian scientists work in 
an atmosphere of indifference; they feel 
abandoned. 

“To be sure, both the Government and pri- 
vate industry in Italy give certain large sums 
for scientific research each year, and now and 
then some really important things like the syn- 
chroton of Frascati near Rome are realized; but 
these constitute exceptions. 

“The Italian press writes that it is not sur- 
prised that the youngest or the most famous 
scientists leave Italy to establish themselves 
in the United States or in countries where they 
can deepen their knowledge and devote them- 
selves to research in a favorable atmosphere. 

“Italians have recently learned, with bitter- 
ness, that one more famous physician is leaving 
the country for the United States: Professor 
Giuseppe Occhialini, Director of the Institute 
of Physics of the University of Milan, known 
all over the world for his studies in the do- 
main of cosmic rays. This news made even 
more of an impression on Italian opinion due 
to the fact that the Nobel Prize has just been 
awarded to Professor Segre, another Italian 
scientist who emigrated to the United States 
several years ago and became an American 
citizen... .”34 


“The American public is devoted to med- 
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ical research,” Dr. John Z. Bowers? re- 
cently commented. Or as a Swiss physician*® 
once remarked to us, Americans have “un 
sens civique scientifique.” What these vari- 
ous physicians seem to be independently 
observing is the existence in American so- 
ciety of an unusually widespread, strongly 
felt belief in the moral and practical im- 
portance of medical research and a sense 
of individual and collective responsibility 
about supporting it, such as is reflected in 
the following passages: 


“The ‘Health for Peace Act’. . . was passed 
on 20 May (1959) by a vote of 63 to 17. The 
bill . . . provides for the establishment of a 
National Institute for International Medical 
Research . . . . [It] also authorizes the ap- 
propriation for the program of $50 million an- 
nually .... Some of the purposes of . . . [the] 
Resolution are as follows: 

“1) To encourage and support the planning 
of essential research into disease, disease pre- 
vention, and impairments in man on a world- 
wide basis. 

“2) To encourage and support, in part 
through direct financial grants and loans of 
equipment, scientific research projects on dis- 
eases and physical disability that are being 
conducted in institutions abroad ... . 

“The bill has widespread support from the 
press and the public... .”3° 


“William Black, president of the Chock Full 
O’Nuts Corporation, yesterday gave $5,000,000 
to Columbia University toward the construction 
of a medical research building . . . . The re- 
search building, an eighteen-story structure 
will be erected . . . on the campus of the Col- 
lege of Physicians and Surgeons. One floor will 
be used for research projects of the Parkinson’s 
Disease Foundation which Mr. Black founded 
in 1957 .... The building will be the largest 
voluntary medical research building in the 
country. 

“In presenting the gift, Mr. Black said: ‘It 
is my heartfelt hope that this investment in 
scientific research will aid in solving the medi- 
cal mystery known as Parkinson’s disease, and 
other unsolved afflictions of mankind. If this 
can be achieved during my years on this earth, 


®Personal communication. 
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then my dream of helping a lifelong friend who 
is a Parkinson patient, will have come true.’ 

“Mr. Black said he derived particular satis- 
faction in being able to make the gift because 
one of his problems as a Columbia student 
was ‘the basic one of earning the next semes- 
ter’s expenses while getting enough to eat dur- 
ing the current semester.’ ”23 


“Edward Mallinckrodt, Jr., native of St. 
Louis, manufacturing chemist, graduate of 
Harvard College . . . Overseer of Harvard .. . 
has taken a deep interest in scientific research, 
both in basic sciences . . . and in medical re- 
search and education during his whole career. 
All along . . . he has been the generous and 
discriminating patron of scientific research and 
education . . . . In addition to his successful 
leadership in a vital industry, his life has been 
devoted to the promotion of what he has re- 
garded as the most promising activities in 
science and its applications to human wel- 
TOD isin0 

“It was in 1945 that he first contributed di- 
rectly to the operating costs of Ward 4 [the 
research ward of the Massachusetts General 
Hospital]. In that year he began supporting 
one of the ward’s ten beds. This was but a 
trickle compared with what was to follow. 
From then on his gifts steadily mounted, so 
much so that on August 20, 1948, the Trus- 
tees voted that Ward 4 be named for [him] .. . 
that it be known as the Mallinckrodt 
Ward... .”20 


« 


*.. . For progress in medicine,” writes Dr. 
Means”° “we must have sick people (and also, 
for control, well ones) studied both at the 
bedside and in _ basic-science laboratories; 
furthermore . . . the results of such studies 
must be reconciled, correlated and fully inte- 
grated in order to derive concepts of the total 
nature of the patient and his illness. The pa- 
tient is as necessary to medical research as to 
medical education—that is to say, he is in- 
dispensable. It is the picture of disease as seen 
in the patient that creates problems for in- 
vestigators to solve .... 

“We have hardly ever had any difficulty in 
inducing patients we wished to study to enter 
the ward .. . . The knowledge that they are 
participating in the progress of medicine is 
gratifying to them. Indeed, patients no less 
than investigators have shown both loyalty 
and devotion to the cause of research... .” 





The senators, the sector of the lay press 
and of the public, the businessmen, the re- 
search physicians, and the patients cited 
in these passages all manifest a desire to 
contribute generously to medical research. 
Their motives for doing so may vary: poli- 
tical incentives; the sense of noblesse oblige 
of an upper-class businessman; the tri- 
umphant gratitude of a modern Horatio 
Alger; the desire to help an afflicted friend; 
the hope that something can be learned 
about one’s own illness, and so on. The 
diversity of motivation notwithstanding, a 
commonly held set of beliefs runs through 
all these statements and actions on behalf 
of medical science: Disease is an evil that 
afflicts mankind. As much as possible ought 
to be done to understand disease better in 
order to prevent, ameliorate, cure it. One 
of the most basic, important ways to 
achieve this is through medical research— 
research which must be conducted on man, 
as well as on animals and in test tubes. It 
is the moral obligation of every individual, 
and of our society as a whole, to support 
medical research, both here and abroad. 
In this domain, as elsewhere, “virtue is its 
own reward.” But, in addition, those who 
give lavishly, sacrificially, creatively, to the 
support of medical research, are deserving 
of special commendation and recognition. 


Factors that motivate American 
physicians to do clinical research 
and offset strains of 
experimenting on human subjects 


Even the fact that a significant number of 
American physicians are sufficiently con- 
vinced that clinical medical research is im- 
portant and justified to conduct experi- 
ments on human subjects cannot be taken 
for granted. For the role of clinical investi- 
gator entails heavy moral responsibility and 
considerable strain.* 

Human experimentation, like all research, 
is to some extent a voyage into the un- 


*See Fox,’ especially pp. 26-64, for a more extensive, 
concretely detailed account of the problems and _ stresses 
experienced by a particular group of clinical investigators 
who were studied by the author. 
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known. As such, it involves inevitable un- 
certainty and possible harm to the subjects 
of the experiments undertaken. It is this 
uncertainty and possible harm which create 
strains for the clinical investigator who has 
the dual responsibility, on the one hand, 
of protecting and furthering the welfare of 
his patients and subjects, and, on the other, 
of advancing general medical knowledge. 


“.. . When the clinical researcher goes to his 
wards his purpose is not to recognize the 
known, but to face the unknown . . . . Experi- 
mental research upon disease may very readily 
come into conflict with full solicitude for the 
sick. When such conflict threatens, as it not 
infrequently does, it is unquestionably right 
that research should give way _ unhesitat- 
ingly . . . . No worker can reasonably expect 
to be relieved of full responsibility in the care 
of any patient remaining in his charge; but, on 
the other hand, it is to be realized that no in- 
vestigator can be successful who allows, or is 
forced by circumstances to allow, solicitude for 
his patients to preoccupy his mind... . 

“,.. The purpose of such experimentation is 
usually to elicit information of value to the 
science, and thus to benefit patients in general; 
it often—but by no means always—elicits in- 
formation of immediate benefit to the actual 
patient. 

“Manifestly no test is justifiable which ad- 
versely affects the subject of it. This is a mat- 
ter which deserves and requires adequate safe- 
guards. The most important safeguard is a 
proper sense of responsibility among those con- 
cerned . . . . No test other than those of a 
class generally regarded as producing at the 
most a temporary discomfort should be under- 
taken without full previous discussion, and 
without reasonable grounds to believe that it 
is in the patient’s own immediate interest. The 
touchstone may often be that all parties con- 
cerned are willing to submit to the same test. 
It goes without saying that the fully informed 
patient should be a consenting party.”18 


In short, the clinical investigator is con- 
tinually faced with a considerable amount 
of moral ambiguity, and with some moral 
conflict over the justifiability of the experi- 
ments he is conducting on human subjects. 
Various attempts have been made to set 
forth basic rules or priyciples to govern ex- 
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perimentation in man. The principles most 
often cited as a guide are those of the so- 
called Nuremberg Code: ten rules defining 
ethical experiments on human _ subjects 
which were laid down at the Nuremberg 
military trials of Nazi medical war crimes.”° 
But the basic rules do not tidily re- 
solve the strains confronting the clinical 
investigator and may even engender new 
questions and difficulties. For example, it 
has been stated that it is “absolutely essen- 
tial” that persons who act as subjects be 
fully enough informed about the experi- 
ment they are asked to undergo by the 
physician-investigator to enable them to 
make an “understanding,” “enlightened,” 
and hence, truly “voluntary” decision to do 
so.* However, in the words of a medical 
investigator,!° “one has only to think of 
present-day specialization in medicine . . . 
with its increased technicalities . . . to 
realize that no matter how conscientious or 
detailed the investigator may be in explain- 
ing a procedure, the subject is “frequently 
not able to grasp all [its] implications so 
far as his health is concerned.” For that 
matter, given the inherent uncertainties 
connected with trying a new procedure or 
drug on a human subject, the degree of 
physiologic variation which normally exists 
among individuals, and the complicated or 
precarious state of health of many of the 
patients who serve as subjects, the investi- 
gators are often in a position where they 
can only roughly predict how much danger, 
suffering, or inconvenience a proposed ex- 
periment will involve for their subjects, or 
whether its ultimate contribution to the ad- 
vancement of science, health, and human 
welfare will be sufficient to justify such 
risks and discomforts: 


& 


. How is the investgator to draw a 
practical line in the prior information to be 
given his patient, between ‘reasonably to be 
expected’ and possible hazards, when these 
often will be quite unknown in first experi- 
ments? . . . Cardiac catheterization, whose 


*See Nuremberg Rule No, 1. 
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wide usefulness has been recognized by a 
Nobel Prize, could, in its early days when its 
value was not known, have been challenged 
on serious grounds as jeopardizing the im- 
mediate subject’s life. Subsequently this has 
indeed been proved at times to be the case. 
At present, it is widely recognized that the 
demonstrated value of the technique outweighs 
the risk. Ladimer has described in chilling de- 
tail the probable fate in a court of law of the 
conscientious but bold investigator who takes 
such risks and has his failures early. In most 
cases, neither true risk nor benefit can be 
known early and therefore they cannot be ade- 
quately described.”! 


One of the major findings which emerged 
from our own study of a group of Ameri- 
can clinical investigators was that these 
physicians often felt quite disturbed over 
the inadequacy or uncertainty of their 
knowledge, and the difficulties they experi- 
enced in trying to reconcile their clinical 
responsibilities with their responsibilities 
as investigators. And yet, for all its prob- 
lems and stresses, they chose to work as 
clinical investigators, found much that 
they considered important and _gratify- 
ing in this work (and to this day continue 
to do comparable medical research). The 
question we wish to raise here is: Given 
the strains associated with experimentation 
on human subjects, why are there so many 
American physicians who engage in this 
type of research (temporarily or perma- 
nently, on a part-time or full-time basis); 
and what factors are present in their re- 
search situation which compensate for 
these strains, and help to minimize them? 

To begin with, we return to the observa- 
tion already made that a significantly large 
number of physicians in our society seem 
to share the conviction that this kind of 
research is socially necessary and desirable 
because it contributes to scientific and 
medical knowledge in ways that cannot be 
obtained through experimentation confined 
to animals. Thus, many American physi- 
cians consider it their professional duty to 
see medical science advanced in this way, 
by undertaking some clinical research 
themselves, by supporting those of their 





colleagues who are engaged in this kind 
of investigation, or in both these ways: 


“It is clearly evident . . . that human ex- 
perimentation is essential for the welfare of 
the race, for in medical research lies ‘a com- 
mon benefit not obtainable by other means.’ 
The development of medicine, the safeguard- 
ing of health and some types of basic scientific 
advance all require human _ experimen- 
tation... .”! 


«<< 


. Experimentation on human beings, 
including the sick, must be performed if we 
are to advance our conquest of disease. There 
can be no question of the value of this type of 
investigation for the improvement of the care 
of the sick... .”10 


“, .. The care of the individual patient re- 
mains a prime duty of the medical profession, 
but medicine in its modern meaning involves 
social, political, ethical, economic and educa- 
tional responsibilities as well. In all of these 
areas . . . research is necessary to progress. 
Practice, education and reséarch must be 
sweetly blended in order that progress can be 
made as effectively as possible toward the ulti- 
mate human good.... 

“The research performed in Ward 4 and its 
adjacent laboratories has been of the clinical 
type ....A place like Ward 4 provides the 
newest that is known in the care of the sick 
while it advances the boundaries of knowledge 
in the field concerned . . . . May [it] con- 
tinue its good service to the cause of medical 
research... .”29 


This degree of commitment to the idea 
that medical research on human subjects is 
scientifically essential and morally and so- 
cially good is certainly not true of all Amer- 
ican physicians. As Shimkin (a medical in- 
vestigator at the University of California) 
has pointed out: 


«<< 


. Despite the demonstrated value of 
medical research in terms of saving life, re- 
lieving pain, and achieving other goals con- 
sidered worthy, the use of human beings for 
experimental purposes often encounters vigor- 
ous opposition. Proposal of such investigations, 
even to groups trained in scientific disciplines, 
may result in outright rejection or in the sug- 
gestion that animal experiments that a priori 
can be seen to be inadequate for the solution 
of the problem be substituted . . . .”34 
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It is the opinion of a number of European 
physicians, however, that by and large a 
positive attitude toward clinical medical 
research is more characteristic of American 
physicians than of physicians in Continental 
Europe. They suggest that the conflict be- 
tween conducting experiments on human 
subjects and living up to the responsibility 
to promote the welfare of persons in their 
care is likely to be experienced by Ameri- 
can physicians in a form that is less acute 
and research-incapacitating, than that felt 
by many European physicians. These writ- 
ers indicate that the belief of American 
physicians in the practical and ethical im- 
portance of clinical research seems to be 
strong enough not only to reduce this con- 
flict in such a way as to favor research, but 
also to overcome to a much greater extent 
than in Europe the sort of individualism 
and professional rivalry that deter neces- 
sary and fruitful collaboration between 
medical investigators in different fields, de- 
partments, and institutions. 


“,.. More and more the tendency [in medi- 
cine] is to the laboratory . . . to the systematic 
biological investigation of patients of those in 
good health... . In the United States, Profes- 
sors of Biochemistry, of Physiology, of Anato- 
Pathology are named Clinical Professors .. . . 

“In France, the imminence of unavoidable 
changes hardens the oppositions. In the uni- 
versities, scientists and clinicians confront one 
another.... 

“It is precisely the clinic which is at the 
center of the conflict of doctrine. For a century 
experimental science has been engaged in an 
assault on illness .... All the basic sciences... 
have been incorporated into biology .... As 
long as they operate in the laboratory, no doc- 
trinal problem arises. As soon as they are ap- 
plied to man, the difficulties begin, because 
here they enter into play with the clinic.... 

“Between the two [World] Wars .. . the 
development of applied physiology was im- 
possible, and when my colleague . . . and 
friend, André Cournand wished to undertake 
research on respiratory physiology applied to 
man, he had to leave his country, because as 
he said to me, he ‘felt that he would not be 
able to carry his ideas to their end point 
[here].’ . . . After thirty years of tenacious 
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work, he founded a discipline and achieved 
glory....° 


“Claude Bernard did not wish to create an 
air-tight division within medicine between ex- 
perimental medicine on the one hand, and the 
clinic on the other. He wished to see them 
co-penetrate. He did not want the clinician to 
approach problems of illness in a fashion that 
is exclusively descriptive; but rather advocated 
that he turn the eyes of an experimenter upon 
these problems and carry out the essential task 
of searching out in all phenomena the relations 
between cause and effect... . 

“, .. To become a clinican for life. . . is to be 
a savant, inclined as a biologist toward man 
and his suffering, looking closely through in- 
cessant research for ways of understanding and 
curing it, without ever ceasing to be close to 
his spirit and attentive to his heart!”!? 


“It is the mentality prevalent in American 
research centers which makes the work stimu- 
lating and profitable, above all by the fact of 
effort in common. Americans are perfectly 
logical in this point of view: the domain of the 
unknown in biology is immense and from [rec- 
ognition of this] derives their concern to accept 
every suggestion capable of advancing knowl- 
edge, no matter where it comes from... . [As 
a result] the possibility of a continuous ex- 
change of ideas and information in the heart 
of the scientific world increases tenfold the 
efficacy of the researcher... . 

“T don’t know if Americans have ever formu- 
lated their scientific attitude in precisely these 
terms, but one must admire their realism in this 
matter .... Their behavior [is] much more 
reasonable than ours, as much as we would 
like to think of ourselves as disciples of Des- 
cartes! Isn’t the European biologist usually 
very isolated, and isn’t this isolation above all 
the result of a touchy individualism and a mis- 
placed amour propre? 

“Our handicap it seems to me is due above 
all to lack of collaboration .... I am con- 
vinced that in Europe we have to make a 


*Dr. André F. Cournand migrated to the United States 
_ in 1930. In 1956, he (and two other medical researchers ) 
won the Nobel Prize for perfecting cardiac catheterization, 
a method by which physicians can explore the interior of 
the human heart. He is Professor of Medicine at Columbia 
University and has recestly been named the first encum- 
bent of the Westchester Heart Association Professorship of 
Cardiovascular Research, which was established this year 
at Columbia’s College of Physicians and Surgeons. 
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great collaborative effort, and I hope that we 
will have the courage to do so.”4 

The prevalence of teamwork in Ameri- 
can medicine, so frequently commented 
upon by European observers, not only facil- 
itates research in an intellectual sense. It 
also serves the more latent, sociopsycho- 
logical function of making it easier for 
clinical investigators to cope with some of 
the strains that accompany their research 
on human subjects. As Shimkin has said, 
“, .. research on human beings is too haz- 
ardous and implies too many responsibilities 
to be undertaken by lone investigators.”* 
But when such research is conducted as a 
group effort, the investigators are able to 
help one another decide whether or not a 
contemplated experiment is morally per- 
missible and desirable, and can also give 
one another support in the face of difficul- 
ties that may arise once they have jointly 
launched an experiment. 

These functions of informal relations be- 
tween members of a research team have 
been observed in a group of clinical investi- 
gators working with chronically ill research 
subjects.’ The unity of this small group of 
physicians made it possible for them to ex- 
change opinions and feelings about the 
common problems involved in conducting 
their experiments. In various informal set- 
tings and intimate meetings, the members 
of the group expressed a good deal of ten- 
sion, moral disquietude, and frustration 
over their problems. The effect of sharing 
these feelings with colleagues who faced 
the same problems and reacted in the same 
way was to give all of them, as one mem- 
ber put it, “a lift” which they needed and 
welcomed. These investigators considered 
their discussions “stimulating . . . helpful 

. . and valuable” because they felt that 
there emerged from these exchanges a pol- 
icy for their experiments which was not 
only scientifically, but also morally, sound. 

Furthermore, in many of the teaching 
and research hospitals and centers conduct- 
ing clinical investigation in the United 
States, there exists “formal [as well as] in- 
formal machinery . . . for impartial group 





consideration of proposed research”: 


“« 


*. . . Research committees, pharmacy com- 
mittees, and other methods are provided for 
review of proposed clinical trials and investiga- 
tions of other types. These groups look into 
purpose, theory or basis for the proposal, prior 
laboratory and animal analysis, reports on re- 
lated studies, suggested control measures, 
evaluative technics and precautions for safety 
of the subjects . . . . At the Clinical Center of 
the National Institutes of Health, for instance, 
projects involving deviation from accepted 
medical practice or unusual hazard are pre- 
sented in writing to a Clinical Research Com- 
mittee. Consent is obtained from subjects and 
final approval from the Center’s Medical Board 
and the Director of the National Institutes of 
Health... .”14 


Along with the formal and informal re- 
lations of clinical investigators with each 
other and fellow physicians, certain aspects 
of their relations with the persons who act 
as their subjects facilitate their research. 

In various ways American research physi- 
cians (whom we have observed or whose 
works we have read), seem to treat the in- 
dividuals on whom they experiment as per- 
sonal] associates or quasi-colleagues—in the 
words of one physician, “as a virtual mem- 
ber of the research team.”**?° Physicians 
usually tell subjects a good deal about the 
experiments in which they participate and, 
if the research subject is a patient, about 
the bearing the experiment he is undergoing 
may have upon his illness. 

Clinical investigators also give special 
recognition to some of the persons who act 
as their subjects. “We celebrate our pa- 
tients” was how one such investigator once 
described the way he and his colleagues 
treated their volunteer research subjects in 
rounds, conferences, technical medical pub- 
lications, and even in releases to the lay 
press. Thus, in rounds and conferences in 
which medical investigators present their 
patients and their research to other physi- 
cians they often express their indebtedness 
and admiration for the part the patients 
have voluntarily played in the research: 


“This is Leo Angelico . . . , Leo has been 
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assaying ACTH for us for three years now. 
And we've gotten some wonderful baseline 
studies with his help. He’s been written up in 
many of our papers... .”8 


Or, again, medical investigators speak out 
in letters to their patient-volunteers: 


“ 


. You will be interested in knowing 
that the results from the big experiment in 
which you were involved are of greatest in- 
terest not only to us, but also to many scien- 
tists who work on the new steroids in Switzer- 
land and elsewhere . . . . Yor are now quite a 
famous person .... The article you appeared 
in was a teaching paper and has proved to be 
of considerable value to a large number of 
practicing physicians.”* 

Finally, in the prepared stories about 
their research activities which medical in- 
vestigators sometimes release to the daily 
newspapers and weekly newsmagazines, 
and in the interviews they grant to science 
reporters, prestige is awarded to individual 
patient-volunteers: 


“SURVIVES AFTER RARE OPERATION: 
Wayne Williams is congratulated by Dr. Her- 
bert Norton on his ability to walk after having 
been bedridden five years . . . . Dr. Norton said 
that Wayne's case was the first time in medical 
history that a faulty heart valve had been.re- 
stored through surgery... .”8 


“Before the days of miracle drugs a man 
could not have lived more than a few weeks 
after surgical removal of his adrenals ... . 
Last week the amphitheatre at Hospital 
was crowded with standees as Dr. John Thomas 
described cases in which patients have lived 
as long as nine months . . . and are still going 
strong .... [One patient] Walter Cousins, 32, 
had been given six months to live... . He 
had the operation done months ago, responded 
so well that he got a job as a night orderly at 
the Hospital... .”8 


In addition, clinical investigators often 
give their subjects what one physician has 
termed “red carpet treatment.” They extend 
special privileges and considerations to 
subjects which are not accorded the “usual” 


*See also Means, chapter V, “Charles Martell Shows 
the Way,” for the extended glorification of a patient- 
volunteer, 
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hospital patient, such as free room and 
board in the hospital, free medical services, 
free supplies of new, scarce drugs, espe- 
cially attractive hospital accommodations, 
and so on. 

The manifest functions of the special 
personal and privileged ways in which clin- 
ical investigators treat the persons who act 
as their subjects, and of the ways in which 
they deal with them as if they were pro- 
fessional collaborators, are obvious. 

By fully informing their subjects about 
the experiments in which they participate, 
of course, physicians are meeting the ethi- 
cal and legal requirement that they obtain 
“the voluntary consent of the human sub- 
ject,” and that before they accept his “affir- 
mative decision” they make “known to him 
the nature, duration and purpose of the 
experiment; the method and means _ by 
which it is conducted; all inconveniences 
and hazards reasonably to be expected; 
and the effects upon his health or person 
which may possibly come from his partic- 
ipation in the experiments.”* Reinforcing 
the moral reasons for which physicians give 
subjects a detailed explanation of the ex- 
periments in which they participate is a 
more pragmatic one. It is their impression 
that this increases their motivation to act 
as research subjects and makes them more 
cooperative about the demands and restric- 
tions the studies impose on them. Thus, to 
some extent, clinical investigators provide 
research subjects with information about 
experiments in order to secure their optimal 
compliance. 

The same thing might be said about some 
of the ways in which clinical investigators 
treat their subjects as valued colleagues and 
privileged friends. 

In addition, there are certain more latent 
functions that these informal relations be- 
tween medical investigators and their re- 
search subjects seem to serve. “Thank you 
for suffering so stoically,” a research physi- 
cian wrote to one of his patient-subjects 
after he had been discharged from the hos- 


*Nuremberg Rule No. 1. 
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pital. This seems to be one of the primary 
things the clinical investigators we observed 
tried to convey to the patients who acted 
as their subjects through the behavior de- 
scribed. The intimate and extra things they 
shared with their subjects enabled them to 
show their personal and professional con- 
cern over the “suffering” to which research 
as well as illness subjected patients. It also 
seemed to have given these physicians some 
feeling that they were compensating pa- 
tients for their suffering, or at least, that 
they were doing something to help counter- 
balance it. Thus, one of the implicit func- 
tions the special ways they treated patient- 
subjects seems to have served for this group 
of clinical investigators is that it helped 
to relieve them of some of the anxiety and 
guilt they felt about subjecting their pa- 
tients to the strictures and hazards of ex- 
perimentation. 

To a degree, the personal and colleague- 
like intimacy and equality that tend to de- 
velop between clinical investigators and 
their subjects is influenced and facilitated 
by what would seem to be one of the gen- 
eral characteristics of physician-patient re- 
lationships in our society. Comments by 
European physicians sensitize us to the 
fact that, as a whole, American physicians 
are probably more inclined to give their 
patients detailed information about their 
illnesses—its diagnosis, treatment, and prog- 
nosis—than many of their European col- 
leagues. A less egalitarian, more guarded, 
paternalistic conception of the physician- 
patient relationship seems to prevail in 
many parts of Europe. In this type of rela- 
tionship the physician tries to protect his 
patient and maintain a certain degree of 
professional dignity and distance by cleav- 
ing to a very strict definition of “profes- 
sional secrecy” (“Le secret professionel” ) : 


“<< 


.... One of the most frequent complaints 
of patients in [England],” writes a British 
physician,!® “and one that reflects a certain 
difference of practice between this country 
and North America is the reticence on the part 
of doctors to discuss with them the medical de- 
tails of their case... .” 





“Professional secrecy has been the corner- 
stone on which the medical ethic is built,” as- 
serts Professor Pasteur. Vallery-Radot?® of Paris. 
“Vis a vis the patient the physician is held to 
the secret when he has discovered a serious 
disorder with a grave prognosis. In certain 
countries, it is considered a duty to tell the pa- 
tient the unequivocal truth, no matter how 
cruel it is. In France, our conception differs: 
above all, we are concerned about the moral 
distress into which we can throw the patient. 
Our feeling leads us to give hope even when 
the situation is desperate. We avoid the brutal- 
ity of confession. 

“Medical secrecy vis a vis the public is im- 
perative if one wishes to maintain the dignity 
of the profession . . . . In our opinion, even 
the most benign affliction should be divulged 
in confidence to third parties, even if they are 
also physicians ... .”* 

The tendency of American physicians in 
general, and of clinical investigators in par- 
ticular, to communicate medical informa- 
tion fully to their patients and subjects is 
related to another phenomenon often com- 
mented upon by European observers: the 
fact that science as a whole, but above all, 
medical science, is “front-page news” in our 
society. Events and developments in medi- 
cal research and practice are reported with 
frequency, prominence, and in great de- 
tail to the lay public by American news- 
papers and magazines, and by other media 
of mass communications as well.t A recent 


*As this statement suggests, carried to its logical ex- 
treme, the conception of professional secrecy, based as it 
is on the idea of an exclusive “‘colloquium” between the 
individual physician and the individual patient, debars, or 
at least curtails, sharing information about a patient and 
his illness even with fellow physicians, or with social or 
government agencies that might have need of certain medi- 
cal data. And indeed, up until the present day in France 
there has been difficulty in getting physicians to communi- 
cate information concerning their patients to Social Se- 
curity, to patients’ employers, etc., or sometimes to register 
the cause of patients’ death with the appropriate public 
agency. This makes it far less likely than is true in our 
society that medical information and news will be con- 
veyed to the public via mass media of communication. 


+The task of transmitting scientific and medical news to 
the public is such an important and highly developed one 
in our society that the role of science writer now exists. 
A group of professional journalists who specialize in this 
kind of reporting have formed the National Association 
of Science Writers. To this writer’s knowledge, this is a 
phenomenon especially characteristic of American society. 
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study of the science and medical news read- 
ing behavior and attitudes of over 1,900 
American adults selected to represent a 
cross-section of the public revealed that 
studies of medical progress attract more at- 
tention from readers than almost any other 
science items, and that “the most latent de- 
sire for expanded news coverage existed 
for news about medicine and health.” It 
was first on the “wants more” list with 42 
per cent of all respondents.*** 

To some extent, the tendency of Ameri- 
can clinical investigators to impart a signifi- 
cant amount of medical knowledge to their 
subjects is a response to the fact that the 
persons who act as their subjects usually 
already possess a good deal of mass media— 
communicated medical information, and 
exhibit what seems to be a widespread 
American desire to learn even more. In a 
sense, then, the fact that the mass media 
convey medical knowledge to the public 
and increase their eagerness to acquire it, 
eases the work of clinical investigators. It 
provides them with another inducement 
and justification for telling their subjects a 
good deal about the experiments in which 
they take part. In turn, as we have already 
indicated, this semi-professional way of 
communicating with their human subjects 
helps investigators cope with the strain that 
conducting research upon them involves. 

To summarize our discussion so far—We 
have suggested that a number of sociocul- 
tural factors present in American society 
not only make it possible for physicians to 
engage in clinical medical research on 
human subjects, but to a degree encourage 
such research. These factors include: a con- 
siderable amount of knowledge about med- 
ical research on the part of the American 
public, who also exhibit a highly developed 
interest and belief in such research and 
sense of responsibility about supporting it; 
strong intellectual, practical, and moral 


*This is a report of a cooperative study involving the 
National Association of Science Writers, the Rockefeller 
Foundation, New York University, and conducted’ by the 
Survey Research Center of the University of Michigan In- 
stitute for Social Research, 
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commitment to clinical medical research 
by a significant sector of the American 
medical profession; and the establishment 
by clinical investigators of relationships 
with medical colleagues and subjects which 
technically and sociopsychologically facili- 
tate the carrying out of this type of re- 
search. These factors not only reduce some 
of the moral strain that experimenting on 
human subjects entails for research physi- 
cians, but also positively impel physicians 
to engage in some clinical research. For the 
sociocultural factors designated contribute 
to the fact that there are many clinical re- 
search positions with reasonably good sal- 
aries available in our society; that engag- 
ing in such research, even temporarily, is 
in certain respects professionally useful, 
prestigious, and rewarding for many physi- 
cians; and that their relations with col- 
leagues and patients in the capacity of 
clinical investigators offer them personal 
as well as professional gratifications: 


“[One of the] major implications of the rais- 
ing of standards required for specialty prac- 
tice [is] . the propulsion of a group of 
young men into the research field for a few 
years at a time—men who are principally dedi- 
cated to meeting the five-year specialty board 
requirements.... 


“Irrespective of their motives, it is clear that 
[a large] group of young people are under con- 
siderable inducement to enter the clinical re- 
search field. For the many established clinical 
investigators frequently have more openings for 
fellows than can be filled at any one time from 
the available supply. In certain instances, to 
put it crudely, the situation is one in which the 
established investigators own the machines and 
have the money to hire the young people to 
work at the machines. Moreover, in inducing 
the young to have a whirl in clinical research, 
the established investigator without even speak- 
ing a word may have on his side all the subtle 
persuasiveness of his obvious success ... .”* 


« 


‘. . . Scientific research has been the domi- 
nant theme in our medical schools since World 
War II. Research ability is essential for a 


*McDermott, W.: A Consideration of the Present Ethics 
of Clinical Investigation, unpublished paper. 
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faculty appointment in a majority of the 
schools. The pressure for research productivity 
permeates the activities of our faculties... .”* 


«< 


*, . . I made some of the finest and firmest 
friendships of my life [in the Metabolic Re- 
search Group]. It also provided a wonderful 
atmosphere for learning. My associates were all 
of high calibre, and I was tremendously stimu- 
lated by them .... And there was also pleas- 
ure . . . even inspiration in coming to know 
some of the patients so well... .”8 


Factors that motivate persons in 
American society to play the 

role of volunteer medical research 
subject and that reduce its 
attendant strains 


The positive inclination of numerous 
American physicians to engage in clinical 
research would be of little consequence, of 
course, were it not for the fact that there 
are many persons in our society willing to 
act as research subjects. As we have seen, 
most experiments involve some degree of 
discomfort and risk which the medical in- 
vestigator is morally and legally obliged 
to make known to the prospective subject 
of an experiment in the course of obtaining 
his “voluntary consent” to undergo it. Given 
the inconveniences and hazards that ex- 
perimentation may entail and the fact that 
acting as a research subiect is a matter of 
personal choice, we may well ask: why do 
sO many persons in our society voluntarily 
undertake this role? What are some of the 
factors that induce them to do so? 

To begin with, just as conducting re- 
search on human subjects has certain in- 
strumental functions for the physician 
(such as advancing medical knowledge in 
ways that could not be accomplished solely 
by experimenting on animals; earning a 
living; furthering one’s medical career; and 
gaining public as well as professional rec- 
ognition), so playir.g the role of volunteer 
research subject may serve as a convenient 
and necessary instrument by which certain 
individuals can achieve concrete goals they 
want to or are compelled to reach. 

For example, we know that many pa- 





tients serve as subjects, and that by volun- 
teering to do so they may attain a variety 
of instrumental benefits. In some cases 
there is the possibility that new knowledge, 
techniques, or medicaments relevant to 
their maladies may result from the experi- 
ments in which they participate. Besides 
medical aid in this form, as we have already 
pointed out, patients who act as research 
subjects may be given free hospitalization 
and care, or access to otherwise rare or pro- 
hibitively expensive modes of treatment. 
For some patients, hospitalization as a re- 
search subject may provide a solution to a 
lonely or difficult home situation. The fol- 
lowing three cases illustrate these instru- 
mental functions: 


“, .. Margaret S., a widow of 54... had 
begun to feel weak and run-down ten or twelve 
years before entry [into Ward 4, the research 
ward of the Massachusetts General Hos- 
pital] . . . . She came to Dr. Forbes at the 
MGH, who recognized that she had the symp- 


tom picture of classic Addison’s disease . . . . 
Dr. Forbes at once appreciated that Margaret 
S. would give Dr. M. M. Pechet . . . an ad- 
mirable chance to pursue his study of the re- 
lation between molecular configurations of ste- 
roid hormones and their physiologic actions on 
people .... Actually, the studies caused only 
temporary and slight inconvenience, and life in 
the ward itself she enjoyed, finding it prefer- 
able to her previously lonely existence in a 
lodging by herself.”2° 


“Since 1950, this patient has been admitted 
every year to the Metabolic Ward [of a New 
England Hospital] as a volunteer... . a well- 
developed, well-nourished, healthy-appearing, 
young-looking, middle-aged male who shows 
no abnormalities other than paraplegia of the 
lower extremities and flaccid paralysis of the 
left arm .. . . On the ward, he stays in a wheel 
chair during the day, and requires the help of 
an orderly to be put to bed at night and in his 
wheel chair in the morning. He is pleasant and 
seems to-be well-adjusted. He has found a 
fairly satisfactory solution to his problem by 
serving as a permanent volunteer for metabolic 
studies... .”8 


“Mr. D. suffered from ill-health from 1922 
on, which was finally diagnosed as Addison’s 
disease in 1931, when he had a series of 
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crises. He was treated with subcutaneous 
adrenaline, 6 injections a day, for a few years. 
From 1935 on he took Eschatin [adrenocortical 
extract] twice daily at a cost of $60 a week. 
Mr. D. reports, “This took every cent I could 
lay my hands on.’ In 1948 he was invited to 
volunteer for experiments with cortisone, which 
was to be supplied to him free. In addition, he 
was to be paid all transportation costs and $10. 
a day while in the hospital. After one such stay 
he wrote to the medical investigator: ‘I want 
to thank you and Dr. T. for having me... 
for the recent tests. It was a good experience 
for me and the financial arrangement was most 
helpful, this being the first real hard cash I’ve 
been able to lay my hands on in some time. 
Do hope you will find an opportunity to use 
me again.... ”* 


Another significantly large group of per- 
sons in American society who derive in- 
strumental rewards from volunteering as 
research subjects are civil prisoners. “Dur- 
ing World War II both Federal and State 
prisoners made important contributions to 
malaria studies, the use of blood plasma, 
plasma fractions and plasma _ substitutes, 
and trials of various new drugs. In most 
prisons, more volunteers were available 
than were needed.”! The rewards given 
to prisoner volunteers for their service “vary 
all the way from gifts of tobacco to a full 
pardon.”! Although there is some attempt 
not to “make representations to a prisoner 
concerning the extent and types of reward 
which may accrue as a result of his service 
as a subject in a medical experiment,” 
in many instances terms are explicitly 
stated beforehand. And, in any case, hope 
for a reduction in sentence probably is 
one of the important motivating factors in 
the minds of most prisoners who volunteer 
as research subjects. A well-known prisoner 
who participated as a volunteer in a num- 
ber of experiments has described the in- 
strumental benefits that he and his fellow 
prisoners anticipated. Nathan Leopold, 
who in 1924 as a youth of 19 committed 
with Richard Loeb what was publicized 


*Mr. D. was hospitalized on the Metabolic Research 
Ward described by Fox.8 
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as the “crime of the century,” the murder 
of 14-year-old Bobby Franks, and who was 
sentenced to “life plus 99 years,” has de- 
scribed one of his reasons for volunteering 
for an experimental malaria study as fol- 
lows: 


“There was no assurance whatever that vol- 
unteers would be rewarded by having their 
time cut. Of that fact each group was solemnly 
and emphatically reminded before they were 
allowed to sign their contracts. But the possi- 
bility did exist that there would be time cuts. 
And that was a chance I could not afford to 
miss .... I had some reason to hope that pub- 
lic opinion in my regard might be softened to 
some degree... .”17 


The hopes of Leopold and the other 441 
inmates of Stateville Penitentiary in Illi- 
nois who offered themselves as volunteers 
on the malaria project were eventually ful- 
filled. He and most of the other prisoner- 
volunteers achieved their goal; they were 
granted either commutation of sentence or 
parole as a direct reward for their service.'* 
When pellagra experiments were carried 
out by Goldberger on convict volunteers 
in 1915, formal agreements were drawn up 
before the experiment with their lawyers 
for their subsequent pardon and release.”* 

Another important instrumental function 
that acting as a research subject can have 
is an economic one. Under certain circum- 
stances, persons who volunteer to serve in 
this capacity are financially rewarded for 
doing so. For some ill persons and p' ~n- 
ers, this may be one of the few pa @ 
ways of earning some money open to the. 
As for the well persons and those with good 
standing in the eyes of society who volun- 
teer for this role, the money payments 
sometimes offered to them may be a de- 
sirable or necessary supplement either to 
the financial resources provided by an- 
other full-time job or some temporarily un- 
remunerative role, such as that of student. 
‘For example, one study of the reasons why 
56 healthy, young male college students, 
aged 21 to 28 years, volunteered to receive 
one or more drugs as part of a medical 
experiment found that “a number of them 
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[did so] primarily for monetary rewards.”!® 
It is known that many medical students vol- 
unteer as research subjects because it pro- 
vides them with a convenient, professionally 
relevant way of earning some money in the 
course of the long, expensive process of 
training they undergo. Occasionally also, 
reference is made to a “unique group of 
‘professionals’ who make a. . . livelihood 
by selling their bodies and blood for 
tests.”2? 

For those persons in our society who are 
conscientious objectors, acting asa research 
subject may have still another kind of in- 
strumental function. Under the United 
States Selective Service Act it is possible 
for a selectee to fulfill his military obliga- 
tion for two years’ service by contributing to 
“the maintenance of the national health, 
safety, or interest” as a volunteer research 
subject. According to one estimate, “4000 
Quakers, Mennonites, members of the As- 
semblies of God and Church of the Breth- 
ren, or other pacifist sects . . . choose this 
course each year.”*> The Clinical Center at 
Bethesda, for example, has established a 
permanent corps of normal volunteers for 
medical experiments by developing con- 
tractual agreements with these “peace 
churches.” “Young people enrolled in the 
church public service movements are per- 
mitted to select health research as a type 
of citizen duty equivalent to military serv- 
ice for some of the candidates.”*!® 

Like the money, facilities. and positions 
available to American pl ians for the 
conduct of clinical med.. experiments, 
the instrumental rewards connected with 
volunteering to act as research subject are 
partly the result of the rather extraordi- 
nary degree to which persons in our society 
believe in the practical importance and 
moral excellence of scientific research in 
general and medical research in particular. 
This is perhaps most clearly seen when we 
consider the basic premises that seem to 
underlie the arrangements made for prison- 


*Doctor (of Law) I. Ladimer initiated this program 
when he was Assistant Director of Research Planning for 
the National Institutes of Health. 





ers and conscientious objectors to partici- 
pate as research subjects, and the way that 
such participation is regarded by the larger 
society. With respect to conscientious ob- 
jectors, as already indicated, the American 
Government considers service as a medical 
research subject an act of good citizenship 
which makes an important contribution to 
the national welfare fully equivalent to 
military service. And Governor Green’s 
Committee® has this to say about “accept- 
able prisoner volunteers”: “Since one of the 
purposes of the parole system is reforma- 
tive, the reformative value of serving as a 
subject in a medical experiment should be 
considered. Serving as a subject in a medi- 
cal experiment is obviously an act of good 
conduct, if frequently unpleasant and oc- 
casionally hazardous, and demonstrates a 
type of social consciousness of high order 
when performed primarily as a service to 
society.” The point of view expressed here 
is: Participating as a research subject is a 
commendatory moral-social act because it 
entails willingness to undergo discomfort 
and risk partly for the sake of contributing 
to the larger good of health and welfare in 
our society. What is more, quite apart from 
their original motivation for doing so, the 
experience of acting as a research subject 
has a morally elevating effect on persons 
who serve in this capacity. For these rea- 
sons, the possibility of granting some de- 
gree of clemency to each prisoner who vol- 
unteers for medical research ought to be 
considered. 

The fact that acting as a volunteer sub- 
ject for medical research is regarded widely 
and to some extent “officially” in our society 
as admirable, even heroic, contributes to 
two other sorts of functions that this role 
may serve for those who undertake it. 
Playing the role of volunteer research sub- 
ject enables some people to express sym- 
bolically certain secular and sacred values 
that are highly approved in our society. 
Partly as a consequence, this role is also 
a way for persons to achieve private and 
public expressions of honor from medical 
scientists and the nonmedical public. 
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Besides wanting to have their sentences 
reduced, prisoners sometimes use the vol- 
unteer research subject role for value-sym- 
bolic functions. During World War II 
American prisoners found in the role a way 
of serving their country, of expressing com- 
mitment to its democratic and humanitarian 
values, and of paying a part of the heavy 
debt they felt they owed their society for 
having broken its laws and violated its 
morality. These functions are illustrated in 
Nathan Leopold’s'* account: 


“The coming of the malaria project was 
probably the most stirring and exciting event 
of my prison term. Here, without any question, 
was a real chance to be useful. . . . This was 
a real problem, a real challenge. The length of 
the war in the Pacific could be very well af- 
fected by those who got the answer to malaria 
first. . . . In some not too farfetched sense our 
bodies would be the battlefield in a not unim- 
portant war... . 


“There were some who, I am convinced, 
went into the thing entirely on an idealistic 
basis. They didn’t want the money . . . and 
they had little hope of getting their sentences 
reduced. But they saw a chance to do some- 
thing decent and worthwhile for a change. 
They were more than willing to undergo the 
necessary discomfort and run the necessary 
risk in order to make their tiny contribution to 
humanity. .. .” 


Closely related humanitarian values are 
often expressed by patients, medical ancil- 
laries such as students, nurses, and tech- 
nicians, and by medical investigators them- 
selves, in volunteering as research subjects. 
As one such patient volunteer subject put 
it, “Medical science snatched me from the 
clutches of a sure death. . . . I hope that 
my submission to these experiments will do 
the same for other men and women in the 
years to come.”* The humanitarian value of 
their volunteering is often primary for those 
patients who have been told that their own 
chances for deriving help from the experi- 
ments conducted on them are quite small. 


*Case of William J. Barber in Fox.8 Mr. Barber was one 
of the early patients to volunteer for experiments with the 
then-new drug ACTH. 
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“It is the experience of many physicians,” 
says Shimkin,*! “that this type of patient 
often wants, and often demands that some- 
thing be done for advancement of knowl- 
edge if not for personal benefit.” 

Through volunteering to act as research 
subjects themselves (as well as through 
conducting experiments on others), medi- 
cal investigators often express their value- 
commitment to the advancement of scien- 
tific knowledge and the reduction of some 
of the suffering that illness inflicts on hu- 
manity. Such sentiments were movingly put 
into words by Walter Reed in a letter he 
wrote to his wife from Cuba on New Year’s 
Eve, 1900, concerning the yellow fever ex- 
periments that he and other volunteer sub- 
jects had undergone: “The prayer that has 
been mine for twenty years, that I might 
be permitted in some way or at some time 
to do something to alleviate human suffer- 
ing, has been granted. A thousand Happy 
New Years.” 

Throughout medical history, many inves- 
tigators have acted as subjects for their own 
research. Their reasons for doing so have 
been instrumental as well as value-symbolic. 
For particularly when the experimental 
procedures or agents medical investigators 
wish to try involve uncertainties, discom- 
forts, or potential risks of such magnitude 
that they do not think it justifiable to 
ask other persons to act as subjects, or they 
encounter difficulty in finding individuals 
willing to expose themselves to this degree 
of ambiguity and danger, one of the only 
moral and practical ways in which they can 
carry out such an experiment is to act as 
their own research subjects. 

Religious values of certain kinds have 
also been expressed in the volunteer re- 
search subject role. As we have indicated, 
two American “peace churches” in particu- 
lar, the Church of the Brethren and the 
Mennonites, urge their younger adherents 
to volunteer. Many have undertaken this 
role not simply because it has given them a 
practical way to meet their military service 
requirements, but also because it has en- 
abled them to express what they feel is a 
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higher spiritual value than serving in the 
armed forces, and to make what they con- 
sider to be religiously relevant progress in 
their own personal development. For ex- 
ample, in a newspaper article, James Tom- 
lison, “an athletic 21-year-old from Goshen, 
Indiana,” is quoted as saying, “I have been 
in the Church of the Brethren all my life. 
My reason [for volunteering as a research 
subject] stems from my training in the 
church. . . . I wanted the experience to 
help develop my character, since I would 
like to become a minister.”** 

It is primarily because of some of its 
value-symbolic functions that the role of 
volunteer research subject and those who 
play it are so highly regarded by medical 
investigators and the lay public. For in a 
number of ways this role seems to epito- 
mize some of the cardinal values of Ameri- 
can society. Ours is a society with a high 
regard for active, rationally based mastery 
of life and for any sort of achievement that 
blends individualism and a humanitarian 
sense of social responsibility. We are in- 
clined to glorify our frontier, pioneering 
tradition and spirit. We have a special ap- 
preciation for the pragmatic and ethical 
value of science in general, and also for its 
particular contribution to the realization of 
another one of our important values, good 
health.?!:?5 In the role of volunteer research 
subject, these values are brought together 
and played out in a way that is regarded 
with a great deal of social approval. For, of 
their own volition, partly with humani- 
tarian goals in view, research subjects en- 
dure the discomforts, uncertainties, and 
hazards of pioneering experiments and thus 
make a contribution to our rational mastery 
of the problems of health and social wel- 
fare.*8 

A question that our analysis of the value- 
symbolic and prestige functions. of the role 
of volunteer research subject raises is: How 
specific to American society are these func- 
tions? Does this role have these same, 
equally cogent functions in this regard in 
other modern Western societies? An edi- 
torial by New York Times journalist, James 





Reston,” which pays tribute to the seven 
men who have been chosen from a larger 
group of volunteers to be trained as candi- 
dates to pilot the first manned rocket flight 
into space, suggests that volunteering to 
participate in scientific experiments “fits” 
ultimate American values in a rather special 
way: 

“Those gloomy students of the American 
character who think we've lost the hop on our 
fast ball should have been around here this 
week when seven young American men 
dropped into Washington on their way to outer 
space. . . . What made these . . . intelligent, 
plain-speaking, small-town fliers . . . so ex- 
citing was not that they said anything new 
but that they said all the old things with such 
fierce convictions. They talked of the heavens 
the way the old explorers talked of the un- 
known seas. They wanted to see what was ‘on 
the other side. They spoke of ‘duty’ and 
‘faith’ and ‘country’ like Walt Whitman’s pio- 
neers. . . . All confessed to a .religious con- 
viction that they would come back. . . . No- 
body went away from these young men scoffing 
at their courage and idealism. . . . Officials . . . 
were almost startled to hear, not only the 
ancient American cry that ‘the sky’s the limit,’ 
but that it’s just the beginning. . . .” 


The public attitudes admiring of volun- 
teer research subjects are expressed in an 
article in a national general circulation 
magazine’: 


“How would you like to make a voluntary 
parachute jump from a height of seven and a 
half miles, or deliberately inhale the deadly 
new nerve gases that snuff human lives in the 
same dreadful way that DDT kills insects, or 
allow yourself to be paralyzed completely by 
an injection of curare, the substance used by 
South American Indians on their poisoned 
arrows? 

“. . . there are almost 500 persons in this 
country who have taken these risks or worse, 
for the noblest of reasons. And they do it so 
regularly that they have banded together .. . . 
Their organization is the Walter Reed Society, 
named for the famous band of volunteers who 
contracted yellow fever to help Major Reed 


solve the mystery of that once-deadly dis- 


ease .... 


“The members . . . are, for the most part, 
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young medical students and scientists whose 
only aim is to help humanity... . 

“, .. There is also a sprinkling of patients 
who have volunteered to be studied for the 
possible benefit of others, even though they 
can expect no improvement in their own con- 
dition.... 

“lOne of the] functions of the Walter Reed 
Society is that of granting recognition to human 
guinea pigs. Membership is by invitation, and 
each member receives a certificate commend- 
ing him for the self-sacrifice through which he 
has ‘made a gift toward greater knowledge for 
the maintenance of health, the relief of suffer- 
ing, and the prolongation of life to all peoples 
of the earth.’” 


The article also reveals how special seg- 
ments of the public band together to bestow 
prestige on volunteers whom they know to 
be deserving and whom they hope to cele- 
brate for the larger, less well-informed pub- 
lic all around them. The Walter Reed So- 
ciety is not unique, though it is perhaps 
the association most specifically devoted 
to honoring volunteers. In addition there 
are such associations, with other functions 
as well—for example, the Adrenalectomy 
Club® (formed by patients who underwent 
a radical experimental operation involving 
the removal of their adrenal glands), the 
Mended Hearts Club (founded by patients 
who had experimental cardiac surgery), 
and the Malaria Volunteers’? (comprised of 
prisoners who participated in malaria ex- 
periments ). 

As we have already seen, prestige is pri- 
vately and publicly bestowed on persons 
who serve as research subjects not only by 
special associations, but also by the medi- 
cal investigators for whom they participate 
in experiments. 

Finally, as the formation of associations 
like the Adrenalectomy Club, the Mended 
Hearts Club, and the Malaria Volunteers 
indicates, when a number of persons acting 
as research subjects in our society are 
housed or hospitalized in the same place, 
in the words of one patient-subject they 
often “get close-knit together.” They tend 
to develop an informal community, which 
in some cases may evolve into a formal as- 
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sociation or club. The unity and identifica- 
tion with one another that research sub- 
jects develop in these circumstances seem 
to help and motivate them to meet some of 
the discomforts and risks associated with 
the role they have undertaken. From their 
association with one another, research sub- 
jects often derive a sense of belonging to 
an intimate, exclusive, admirable, and like- 
able group of persons who are “contribut- 
ing to medical science,” “benefiting hu- 
manity,” “having good times together,” and 
helping one another with the problems they 
share. Thus, the experiences, values, and 
camaraderie they share provide research 
subjects with psychological support and 
gratification that offset some of the strains 
they experience or, at least, partly com- 
pensate them for these strains. 

Such a community of research subjects 
is not only organized around a shared com- 
mitment to each other and to the advance- 
ment of medical science, but also to the 
medical investigators conducting the ex- 
periments, who, as we saw earlier, often re- 
gard and treat research subjects as col- 
leagues and friends. The intimate, semi- 
personal, semiprofessional relations that be- 
come established between medical investi- 
gators and their subjects, as well as the 
“red carpet treatment” in the living and 
food arrangements that the persons who 
act as subjects are given, provide psycho- 
logical gratifications which make the strains 
of experimentation more acceptable to 
them: 


<< 


. . . When you're on a constant diet, for 
instance,” says a patient-subject, “You could 
drink a little more than [the doctors] want you 
to; eat in between meals—things like that. But 
when they explain things to you and they're so 
nice to you as they are here, you don’t have the 
desire to cheat. You don’t even feel resistance 
inside. . . .”8 

Many patient-volunteers in this situation 
seem to enjoy what the psychiatrist would 
term “secondary gains” from this role; some 
establish “transference” relations with med- 
ical investigators from which they derive 
important emotional satisfactions. Or, as 
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Leopold indicated, the comfort, privileges, 
and trust that he and his fellow-prisoners 
were granted as volunteers made them feel 
that they were “on the same side of the 
fence . . . partners in a common endeavor” 
with the Army doctors for the benefit of 
society, which, in turn, gave them “more 
solid, lasting satisfaction from what they 
were doing than many of them had known 
in some time.”?* 

Although the formation of a special kind 
of association or community by persons 
who act as research subjects may not be 
uniquely American, the values and institu- 
tions of our society seem to exert some in- 
fluence in this regard. An example of a 
club formed by European patients who 
had undergone a radical experimental pro- 
cedure (a pneumothorax) occurs in Thomas 
Mann’s The Magic Mountain. In the Swiss 
tuberculosis sanatorium which is the site of 
Mann’s novel, patients organize a Half- 
Lung Club. 

Since the days of De Toqueville,® it has 
often been noted that one of the character- 
istic features of our society is the extra- 
ordinary number of private groups and as- 
sociations that have been organized around 
special interests. On the basis of these gen- 
eral empirical grounds and of more specific 
observations of medical research units that 
we ourselves have made both here and 
abroad, we venture the guess that there is 
more of a tendency in the United States 
than in European societies for research 
subjects to form such groups and to find 
social-psychological satisfactions in them 
that help to compensate for some of the 
stress they undergo in this role. 


We hope to explore further these still- 
tentative ideas about social and cultural 
factors that facilitate or impede clinical 
medical research on human subjects, here 
and abroad, as we continue the study we 
have begun in Europe. 


Appendix 


Although we have not discussed this in 
the body of this paper, we would like to 





indicate our recognition of the role that 
more individualistic, personality-determined 
psychological factors. undoubtedly play in 
motivating persons to volunteer as research 
subjects. Some recent studies suggest that 
persons with certain kinds of personalities 
are more inclined to find special psycho- 
logical gratifications in this role. For ex- 
ample, when Rohrschach tests and psycho- 
logical interviews were given to the 56 
healthy, male college students serving as 
volunteer subjects in pharmacologic ex- 
periments, it was found that the incidence 
of serious psychological difficulties was ap- 
proximately twice as high as would be ex- 
pected in an unselected college popula- 
tion. Or again, a series of intensive 
psychiatric interviews conducted by Dr. 
Sanford Gifford* with two normal college 
students who volunteered to take large 
doses of ACTH and cortisone showed them 
counterphobic personality structures with 
the active emotional need to “maintain the 
invulnerability of [their] bodies . . . against 
any threatened internal and external change 
. . . through the supremacy of physical ac- 
tivity,” and the passive need to “submit 
. . . to a series of repetitious ordeals that 
test and probe this invulnerability.” The 
role of experimental subject, Dr. Gifford 
concludes, “furnishes an ingenious and so- 
cially acceptable way for gratifying both 

. needs simultaneously, a means of en- 
acting the role of ‘Chasseur Alpine’ while 
reclining in bed.” 

The evidence from these two studies is 
perhaps enough to emphasize the impor- 
tance of further investigating how various 
psychological motives combine with differ- 
ent social functions to attract individuals to 
this role and enable them to find gratifica- 
tions in it. It would also be interesting and 
pertinent to learn more about the kinds of 
personality traits that incline physicians to 
engage in clinical research or, at least, make 
it more probable that they will be able to 


°Gifford, S.: A Note on the Motivation of the Experi- 
mental Subject: Interviews With Two Normal Subjects 
During the Administration of Steroid Hormones, unpub- 
lished paper. 
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tolerate the strains of this role and find real 
satisfaction in it. Finally, it would be theo- 
retically and practically edifying and valu- 
able if some attempt were made to ascertain 
whether the personality traits which attract 
and fit persons to the roles of research sub- 
ject and clinical investigator, respectively, 


occur more frequently in some societies 
than others. 


I wish to thank Professor Bernard Barber (De- 
partment of Sociology, Barnard College, Columbia 


University ) for his advice and help in the writing 
of this article. 
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The diuretic action of trichlormethiazide in 


patients with congestive heart failure 


A double blind study was carried out to determine the dose-response relationships 


of trichlormethiazide, 3-dichloro-methyl-6-chloro-7-sulfamyl-3,4-dihydro-1,2,4-benzothiadiazine- 


1,1-dioxide, when given by repeated oral administration to patients with 


chronic congestive heart failure. 


Significant diuretic responses were observed following oral doses of 2, 4, and 8 mg. 


trichlormethiazide twice daily for one week. Similar diuretic responses occurred after 


8 mg. trichlormethiazide and 75 mg. hydrochlorothiazide, the relative activity 


of trichlormethiazide and hydrochlorothiazide being in the order of 10:1. No significant 


changes in serum creatinine concentrations were observed in these patients treated 


with trichlormethiazide in doses as high as 8 mg. twice daily for one week. 


Trichlormethiazide did not alter serum sodium, potassium, chloride, or carbon dioxide 


combining power significantly. A decrease in serum osmolality was noted, however, 


after the diuretic responses to both trichlormethiazide and hydrochlorothiazide. 


Duncan E. Hutcheon, M.D., and Teruo Takasu, M.D. Jersey City, N. J. 


Departments of Pharmacology and Medicine, Seton Hall College of 


Medicine and Dentistry, and the Jersey City Medical Center 


Trichlormethiazide* is a 3, 6-substituted 
benzothiadiazine which has recently been 
found to be an active diuretic agent. In 
both experimental animals and man, tri- 
chlormethiazide was shown to have more 
than five times the diuretic potency of hy- 
drochlorothiazide.!'* Electrolyte excretion 
patterns revealed that trichlormethiazide 
increased sodium and chloride excretion 
without changing urinary pH. 

Once the diuretic response to single doses 
of trichlormethiazide had been established, 
interest centered on a study of its effects 
on repeated administration in chronic 


*Supplied as Naqua by the Schering Corporation. 
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edematous states. Previous experiments 
have shown that the activity of diuretic 
agents can be compared quantitatively in 
patients with edema when the drugs are 
given over periods of one week at each 
dosage level.*;* The following study, there- 
fore, was carried out to determine the dose- 
response relationships of trichlormethiazide 
when administred on a chronic basis to 
patients with congestive heart failure. Tri- 
chlormethiazide in doses ranging between 
1 and 8 mg. and hydrochlorothiazide in a 
dose of 75 mg. were administered orally. 
Each dose was given twice daily over a 
period of 7 days. Weight loss during the 
period of therapy was used as a measure of 
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diuretic response. Changes in serum elec- 
trolytes, creatinine, and osmolality during 
these periods of diuretic therapy were also 
recorded. 
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Trichlormethiazide 


Methods 


The studies were carried out in 9 am- 
bulatory patients with congestive heart fail- 
ure attending the Cardiac Clinic of the 
Jersey City Medical Center at weekly in- 
tervals. Two patients had rheumatic heart 
disease while the others had arteriosclerotic 
heart disease. All patients were on mainte- 
nance digitalis therapy (0.1 mg. digitoxin 
or 0.1 Gm. digitalis leaf daily) during the 
course of the experiment. Diuretic therapy 
was given every other week, alternating 
with one-week periods of placebo therapy 
to each of the 9 patients as shown in Fig. 
1. Trichlormethiazide was given in doses 
of 1, 2, 4, and 8 mg. Hydrochlorothiazide 
was administered in a dose of 75 mg. for 
comparison. Drugs and placebo were made 
up in capsules of the same appearance and 
the drugs were supplied under code to sat- 
isfy the requirements of a double blind 
study. The doses of trichlormethiazide and 
hydrochlorothiazide were assigned to the 
patients according to a randomized block 
design. The following measurements were 
made weekly at the end of the periods of 
diuretic and placebo therapy: body weight, 
serum sodium, potassium, chloride, carbon 
dioxide combining power, creatinine, and 
osmolality. Diuretic response was indicated 
by the decrease in body weight over the 
period of drug therapy. 


_ Results 


Diuretic responses. The sequence of 
changes in weight and serum electrolytes 
in 1 of 9 patients with congestive heart fail- 
ure, who received placebo and diuretic 
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therapy with trichlormethiazide and hy- 
drochlorothiazide on alternate weeks, is 
shown in Fig. 1. In Table I the changes in 
body weight produced by the oral admin- 
istration of trichlormethiazide and hydro- 
chlorothiazide in all 9 patients are com- 
pared. Significant weight losses were noted 
during one week of therapy with 2.0, 4.0, 
and 8.0 mg. trichlormethiazide and 75 mg. 
hydrochlorothiazide twice daily. One milli- 
gram trichlormethiazide twice daily by the 
oral route was below the threshold diuretic 
dose for 3 of the 9 patients in this series. 
Similar diuretic responses were produced 
by 8 mg. trichlormethiazide and 75 mg. hy- 
drochlorothiazide. The decreases in body 
weight occurring during the periods of di- 
uretic therapy were believed to be due to 
a loss of edema fluid since there were no 
changes in the patients’ appetites, diets, or 
physical activities to account for them. 
Effects on serum electrolytes. Serum so- 
dium and chloride levels were not altered 
by trichlormethiazide in doses as high as 
8 mg. twice daily for one week (Table II). 
Hydrochlorothiazide at a dose of 75 mg. 


5 
Weeks 


Fig. 1. Changes in serum electrolytes (milliequiva- 
lents per liter) and body weight (pounds) in 64- 
year-old white woman with rheumatic heart dis- 
ease, mitral stenosis, and congestive heart failure. 
T, trichlormethiazide; H, hydrochlorothiazide. The 
shaded columns indicate periods of placebo 
therapy. 
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Table I. Changes in body weight (pounds) during one week of diuretic therapy. Doses 
given twice daily for 7 days 


Trichlormethiazide 


Hydrochlorothiazide 
; 2.0 mg. | 4.0 mg. . ; 75 mg. 
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Table II. Serum electrolytes (milliequivalents per liter) after one week of diuretic therapy 
(mean s.e.). Doses given orally twice daily 
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Table III. Serum creatinine concentrations and osmolality after one week of diuretic 
therapy 


Dose Creatinine Osmolality 
(mg. twice daily) (mg./100 ml.) (mOs./Kg. HO) 
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Trichlormethiazide 
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twice a day for 7 days failed to alter serum hydrochlorothiazide twice daily. These 
sodium and chloride concentrations. A 10 changes in serum potassium, however, were 
per cent decrease in serum potassium was not statistically significant. 

noted after one week of diuretic therapy There were no significant changes in 
with 8 mg. trichlormethiazide and 75 mg. serum carbon dioxide combining power in 
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these 9 patients during the weekly periods 
of diuretic therapy with trichlormethiazide 
and hydrochlorothiazide. 

Effect on serum creatinine levels. In 
Table III the serum creatinine concentra- 
tions in each of the 9 cases of congestive 
heart failure are compared before and 
after the period of diuretic therapy. Serum 
creatinine concentrations remained within 
normal limits during the one week of ther- 
apy with either trichlormethiazide or 
hydrochlorothiazide. 

Serum osmolality and pH. Serum osmo- 
lality was determined cryoscopically with 
the Fiske osmometer at the end of the 
weekly periods of placebo and diuretic 
therapy. A slight but statistically significant 
lowering of serum osmolality occurred in 
patients treated with diuretic doses of tri- 
chlormethiazide and _ hydrochlorothiazide. 
No significant changes in serum pH were 
observed after trichlormethiazide in doses 
of 1 to 8 mg. twice daily for one week. 


Previous studies have shown that diur- 
etics can be compared quantitatively in pa- 
tients with congestive heart failure with 
weight loss used as a measure of diuretic 
response. Gold and his colleagues,?:* for ex- 
ample, assayed the diuretic activity of the 
organic mercurials and carbonic anhydrase 
inhibitors by determining the effects of 
these drugs on body weight. Recently Kwit, 
Gold, Hughes, Golfinos, and Goessel® re- 
ported that 24 hour weight loss after a dose 
of diuretic is the most stable index of the 
edema-clearing effect. Hutcheon, Schwartz, 
and Condourist found that weight loss 
could also be used to estimate diuretic po- 
tency in ambulatory patients with conges- 
tive heart failure when the drugs were 
given over a period of one week at each 
dose level. The data in both the acute and 
chronic human studies could be analyzed 
according to the same statistical methods 


‘established for other biologic assay pro- 


cedures. 
In the present study the diuretic actions 
of trichlormethiazide and hydrochlorothia- 
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zide have been compared under conditions 
which approximate those of chronic diur- 
etic therapy in man. Similar diuretic re- 
sponses were observed following 8 mg. 
trichlormethiazide and 75 mg. hydrochloro- 
thiazide when these doses were given twice 
daily for 7 days. These results agree with 
the data obtained from acute experiments 
which indicated that trichlormethiazide 
was approximately 10 times as potent as 
hydrochlorothiazide on a milligram-for-mil- 
ligram basis.® 

In spite of the fact that all patients were 
on digitalis maintenance therapy, no ab- 
normalities in serum electrolytes were ob- 
served after trichlormethiazide was given 
in diuretic doses over a period of one week. 
Trichlormethiazide also failed to increase 
serum creatinine concentrations in these 
patients. The results of laboratory experi- 
ments showed that trichlormethiazide did 
not interfere with creatinine clearance and 
glomerular filtration rate.® 

A decrease in serum osmolality was noted 
after diuretic doses of trichlormethiazide 
and hydrochlorothiazide. The natriuresis 
produced by chlorothiazide and _ hydro- 
chlorothiazide has been attributed to an 
interference with sodium reabsorption at 
both the proximal and distal tubule.’ By 
depressing sodium reabsorption in the di- 
luting segment of the distal tubule, these 
drugs were found to reduce the production 
of solute-free water. The dilution of the 
serum during diuresis by the benzothiadia- 
zine compounds could therefore be ex- 
plained by an action of these drugs in 
preventing sodium reabsorption in the dis- 
tal diluting segment of the nephron. 


The authors wish to express their appreciation 
to Dr. M. L. Schwartz, Director of the Cardiac 
Clinic, Jersey City Medical Center, and the Essex 
County Heart Association, for their support. 
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Estrogen therapy in men with myocardial infarction: 


Occurrence of lipid changes before feminization 


Beneficial results of estrogen administration on blood lipids can be obtained without 


production of breast tenderness or other evidence of feminization according to a 


study of 16 male outpatients with myocardial infarction who received small and 


moderate doses of estrogen daily. Inasmuch as serum cholesterol levels and 


cholesterol/ phospholipid ratios were lowered before development of breast tenderness 


and no further change resulted despite average doubling of estrogen dosage and increased 


time on therapy, it is apparent that the administration of estrogen short of the amount 


producing breast tenderness is fully as effective as much larger doses in providing 


the cholesterol-lowering effects of estrogen. 


Jessie Marmorston, M.D., Frederick J. Moore, M.D., J. J. Lewis, M.D., 
Oscar Magidson, M.D., and Oliver Kuzma, M.D. Los Angeles, Calif. 


Departments of Medicine and Public Health, University of Southern California 


School of Medicine, the Los Angeles County Hospital, and the Cedars of Lebanon Hospital 


The ability of estrogens to alter serum 
lipids in men and women in the direction 
or normal?®.§.10-13° suggests that estrogen 
may be useful in the prevention of myocar- 
dial infarction. One important drawback to 
the use of estrogen is the tendency of exog- 
enous estrogen to cause feminization in 
men, with hypertrophy of glandular tissue 


Aided by grants from the Albert and Mary Lasker 

Foundation and by grants H-2198, H-2199, and H-2701 
from the National Heart Institute. We are indebted to 
Dr. Kenneth Ericson of Organon, Inc., for supplies of 
Lynoral (ethinyl estradiol), to Dr. Irwin C. Winter of G. 
D. Searle & Co. for Manvene (SC 6924, 3 methoxy-16, 
-methyl-1,3,5 (10)-estriene-16,B,17,B-diol), and to Dr. 
John J. Jewell of the Ayerst Laboratories for Premarin 
(mixed conjugated equine estrogen, NND) used in these 
studies. 
* Clinicians participating in these studies were Drs. Ralph 
Alexander, Jacob’ Bernstein, Irving Gordon, William 
Grant, Jack J. Lewis, Fletcher McBroom, Joseph Walker, 
and Albert White. Laboratory determinations were made 
under the direction of Drs. John W. Mehl, Ross Jacobs, 
and Sara M. Myers. 


of the breast, loss of drive, libido, and po- 
tency, and atrophy of the testes. According 
to a study now in progress, serum lipid 
changes occurring under therapy with 
small and moderate dosages of estrogen and 
without feminizing side effects may be fully 
as great as serum lipid changes produced 
in these same patients with larger dosages 
of estrogen which elicit side effects. 


Method 


Sixteen of our men patients with unequiv- 
ocal evidence of coronary artery disease, 
who had received estrogen therapy for at 
least 3 months without developing any 
feminizing side effects, and who later dem- 
onstrated mild breast tenderness as a result 
of continued therapy or increased dosage, 
were studied to determine whether lipid 
changes are already maximal before the oc- 
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currence of breast tenderness or become 
even greater with increased time and dos- 
age. All patients were ambulatory, coopera- 
tive, and able to attend the clinic regu- 
larly. Serum cholesterol and phospholipids 
were determined for each of the 16 patients 
prior to the start of therapy, after a mini- 


mum of 3 months of uninterrupted therapy — 


but before the development of slight breast 
changes, and at some time after the devel- 
opment of breast tenderness. The accom- 
panying diagram may be helpful. 


Estrogen 
start 


Pretreatment lipid 
determination 


(60 to 0 days before 
therapy) 


————————————————— time 


The pretreatment lipid determination 
was made an average of 10 days before the 
start of therapy; the second lipid determina- 
tion was made after about 4 months of 
continuous daily therapy; and the third 
lipid determination after about 8 months 
of therapy. An average of 40 days elapsed 
between the second lipid determination 
and the occurrence of the first breast 
changes (9 to 116 days). 

Serum cholesterol was determined in all 
patients by the method of Pearson and as- 
sociates? with alcohol-acetone extracts of 
the serum. Lipid phosphorus was estimated 
by the procedure of Lowry and co-work- 
ers.> Logarithmic transformation of the data 
was necessary to reduce skewness and im- 
prove normalcy. 


Lipid changes in response to 
increased time and estrogen 
dosage 


Twelve of the 16 patients were treated 
with ethinyl estradiol. The median time for 
the occurrence of breast tenderness among 
these patients was the 187th day, with a 


Lipid determination 
before breast tenderness 
(I) (IT) 


(90 to 394 days of 
therapy) 
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median daily dosage of 0.1 mg. ethinyl] es- 
tradiol. Three patients were treated with 
methoxy -methyl-estriene-diol (MMED). 
The first note of breast tenderness in this 
group occurred at an average of 144 days, 
with a median dosage of 30 mg. MMED 
daily. Only one patient of the 16 was 
treated with mixed conjugated equine es- 
trogens (“equine estrogens”). Breast ten- 
derness occurred in this patient on the 
145th continuous day of therapy, with a 
daily aose of 1.25 mg. “equine estrogens.” 


Occurrence of slight 
breast tenderness 


a a 
| 
Lipid determination 
after breast tenderness 
(III) 


(150 to 570 days of 
therapy) 





The third lipid determination (Fig. 1) 
was done after breast tenderness had been 
noted by the patients. At this time the me- 
dian estrogen dosage was roughly twice 
the dosage received by these patients before 
breast tenderness was noted. At the time 
of the third lipid determination, dosage had 
been increased in 11 patients, was un- 
changed in 3, and reduced in 2. Informa- 
tion as to the types of estrogen used and 
the dosages employed in the two periods is 
given in Table I. 

Average serum cholesterol levels, phos- 
pholipid levels, and cholesterol/phospho- 
lipid ratio prior to therapy, during estro- 
gen therapy but prior to the development 
of breast tenderness, and after breast ten- 
derness has been noted are given in Table 
II. Clearly, determinations before and 
after note of breast tenderness are essen- 
tially the same, and both differ considera- 
bly from pretreatment levels. 

Reduction in cholesterol and increase in 
average phospholipid values in the first 
months of estrogen therapy are depicted in 
Fig. 1. Maximum drop in cholesterol and 
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Fig. 1. Lipid changes under estrogen therapy in 16 males. Average of cholesterol levels in 
these patients was within normal limits prior to therapy. An attempt was made to depress 
these levels further by doubling the estrogen dosage. Serum cholesterol and phospholipid 
changes occurred before the clinical reactions. Increasing the estrogen dosage caused no further 


changes in the serum lipids. 


rise in phospholipids occur before the de- 
velopment of breast tenderness, and lipid 
levels do not change significantly thereaf- 
ter despite double estrogen dosage in the 
later period (see also Table II). In the 16 
patients in this study, the average of the 
cholesterol levels was within normal limits 
prior to the start of therapy. An attempt 
was made to depress these levels further by 
doubling the estrogen dosage. 

In previous reports®* we have shown the 


Table I. Estrogen dosages (in milligrams) 
before and after breast tenderness 


Lipid determinations 


Estrogen preparation Before After 
breast breast 
tenderness | tenderness 


Ethinyl estradiol .065 128 
(12 patients) 

Methoxy-methyl-estriene- 15.0 30.0 
diol (3 patients) 


Mixed conjugated equine .625 1.875 
estrogens (1 patient) 


regressions of treatment level on the pre- 
treatment level. Using similar methods here, 
we have calculated the regression of each 
treatment value (before and after mani- 
festations of breast tenderness ) on the pre- 
treatment value. Fig. 2 demonstrates that 
lipid changes occurring before and after 
the appearance of breast tenderness are es- 
sentially the same. 
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Table II. Effect of estrogen treatment on serum cholesterol, phospholipids, and 
the C/P ratio 


Cholesterol 
(mg. per 100 ml.) 


Phospholipids 5 ; 
(mg. per 100 ml.) i ae 
00% 90% 90% 
Geometric| confidence |Geometric| confidence | Geometric confidence 

mean limits mean limits mean limits 
({) Pretreatment 248 (.97-1.09) 


(230-267) 240 (221-260) 1.03 


During treatment: 
(II) Before breast tenderness 229 


(111) After breast tenderness 230 


Discussion 


Are the lipid changes observed with 
small or moderate doses of estrogen truly 
maximal, or would those lipid changes be- 
come more pronounced with time and/or 
increase in dosage? In an earlier paper, we® 
have reported that in women .with myocar- 
dial infarction given 0.01 mg. of ethinyl es- 
tradiol for long periods of time, serum lipid 
changes gradually increased to a maximum 
and remained within normal limits. Furman 
and his co-workers‘ observed significant al- 
terations in the serum lipoprotein spectrum 
of each of 60 male patients (none of whom 
manifested coronary atherosclerosis or hy- 
percholesterolemia) prior to the develop- 
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(218-244) 


255 (229-273) 90 (.81-1.00) 


259 (240-279) 89 (.83- .96) 


ment of feminizing effects. Their report 
does not indicate whether or not such 
changes were in fact maximal. 

A study of serum lipid changes with es- 
trogen therapy in 109 men who had suf- 
fered myocardial infarction shows that 
changes in lipid levels occur and become 
maximal prior to evidences of breast ten- 
derness. Although pushing estrogen dosage 
beyond the tolerance of the individual pa- 
tient usually will result in breast tenderness 
and possibly other signs and symptoms of 
feminization, serum lipid levels remain on 
the average at prefeminization levels. Ap- 
parently, increase in estrogen dosage to an 
average of four times the prefeminization 
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dosage has little or no further effect on 
serum lipid levels. 

The serum lipid changes noted in this 
study are fully as great as the lipid changes 
induced by other investigators with the ad- 
ministration of considerably larger doses 
of estrogen. As Oliver and Boyd* have 
commented, the lipid effects of moderate 
doses of estrogen apparently are as great 
as lipid changes occurring with very large 
doses. 


Summary and conclusions 


Study in 16 patients who had received es- 
trogen therapy for at least 3 months with- 
out clinical reaction, and who later devel- 
oped clinical reactions to estrogen therapy 
in response to increased time and dosage, 
demonstrates that lipid changes are already 
maximal before occurrence of breast ten- 
derness and do not become greater with in- 
creased time and dosage. 

Changes in the serum lipids under estro- 
gen therapy occur to a maximal degree be- 
fore the patients develop any clinical mani- 
festation such as breast tenderness, pro- 
vided that the initial dose is small and that 
dosage is increased gradually until some 
clinical manifestation is evident. Estrogen 
doses causing no clinical manifestation 
cause maximal changes in the serum lipids. 
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A study of hypnotics in normal subjects 


with induced awakening 


An analysis of the sleep characteristics of normal male subjects who have been given 


a large volume of water to drink just before retiring shows that sleep is disturbed in 


a fraction of the group. The hypnotic activity of a standard barbiturate is studied against 


the background of the sleep disturbance using both subjective and objective criteria. 


Although both types of criteria reflect the primary pharmacologic action of the 


drug, each has its own particular advantages and disadvantages 


which are discussed in the report. 


G. A. Condouris, Ph.D., P. J. Costa, M.D., Ph.D., and D. D. Bonnycastle, 


M.D., Ph.D. Jersey City, N. J. 


Seton Hall College of Medicine and Dentistry 


Repeated attempts have been made to 
devise clinical experiments for the evalua- 
tion of hypnotic drugs which give un- 
equivocal information as to the activity of 
the drugs in question. Although many suc- 
cessful experiments have been reported, the 
need for improved experimental designs 
persists, since many approaches to the solu- 
tion undoubtedly have not been explored 
and failures in certain types of studies of 
hypnotic drugs, such as those with office 
patients, have been reported.* One deter- 
rent to a more rapid progress in develop- 
ment of clinical experiments is, of course, 
the limitation imposed by the need for 
subjects meeting certain special require- 
ments for inclusion in clinical investiga- 
tions. However, a very substantial source of 
experimental subjects can be found among 
medical and dental students who could 


This study was supported in part by grants from 
Warner-Chilcott Laboratories and Smith, Kline & French 
Laboratories. 
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participate in clinical studies either as a 
part of their medical curriculum, especially 
in their training in pharmacology, or in 
studies in which they are paid subjects. 
The regular availability of these subjects 
would permit the examination of different 
experimental designs from which appropri- 
ate ones could be applied to actual clinical 
situations. Goldstein® in this country and 
Isaacs® in England have reported success 
with such a procedure. The results to be 
presented will indicate the general utility 
of this approach. 

A necessary condition for the proper 
evaluation of hypnotic drugs is the pres- 
ence of disturbed sleep in the experi- 
mental subject. In the patient with sleeping 
difficulties, insomnia cannot be expected to 
occur regularly, therefore, appraisal of hyp- 
notics in such individuals is subject to the 
vagaries of the physiologic and psycho- 
logical disturbances which interfere with 
normal sleep. The present study was de- 
signed with the purpose of experimentally 
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Table I. Census of participants in the study 


Completing full treatment regimen 
Treatment subdivisions: 
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No. of 
subjects 


133 


Placebo, secobarbital 50 mg., secobarbital 100 mg. 
Placebo, secobarbital 25 mg., secobarbital 50 mg. 


Remaining in final analysis 
Treatment subdivisions: 


Placebo, secobarbital 50 mg., secobarbital 100 mg. 
Placebo, secobarbital 25 mg., secobarbital 50 mg. 


creating a physiologic condition which sufli- 
ciently interferes with the sleep pattern 
of normal subjects so that full expression 
of the pharmacologic effect of hypnotic 
drugs would be permitted. The general 
experimental approach is based on the tech- 
nique reported by Isaacs® in which a water 
load given to normal subjects serves as a 
physiologic stimulus to waking. Hypnotic 
activity of a drug is then related to the 
duration of sleeping time under the stress 
of this water load. A standard well-known 
barbiturate, secobarbital, was the hypnotic 
used. 


Method 


The subjects in the study were male 
medical and dental students and a small 
number of members of the faculty. None 
of the participants had any pre-existing 
sleep problems. 

The experiment was designed as a ran- 
domized group design in which each sub- 
ject received drug treatments in a com- 
pletely randomized order. This design 
minimizes the risk of bias caused by syste- 
matic environmental factors, which could 
be a serious problem with a student popu- 
lation, and by drug interactions resulting 
from a singular or haphazard order of ad- 
ministration. One of the drug treatments, 
given to all subjects, consisted of capsules 
‘containing lactose as the placebo treat- 
ment. Since the danger of personal bias on 
the part of the subject or the investigator 
was obviated by the “double blind” tech- 
nique, the response of each subject on 


placebo treatment served as a base line 
upon which to analyze the responses to 
the other treatments. 

Each subject received the drugs identifi- 
able only by coded letters and was given 
written and oral instructions on the physi- 
cal aspects of the study. They were per- 
mitted to eat and drink in their normal 
manner on an experimental evening which 
they selected as being typical for them. 
However, they were to abstain from any 
additional food or beverage after 9 P.M. 
Immediately before retiring they were to 
void, drink 700 mi. of water, take the cap- 
sules designated for that evening and re- 
cord the time. On first awakening, they 
were to urinate, measure and record the 
volume, note the time, and estimate the 
time it took to fall asleep. Additional ques- 
tions were asked regarding subjective im- 
pressions as to the quality of the sleep 
and the after-effects on awakening. The 
hypnotic used was secobarbital sodium in 
doses of 25, 50, and 100 mg. 

The size of the water load was a compro- 
mise based on the experience of Isaacs® 
with 500 and 1,000 ml. and on a preliminary 
trial on 10 subjects from our study. Each 
subject was supplied with two calibrated 
paper containers, one for the water load 
and one for measuring the urine volume. 


Results 


More than 133 subjects started the treat- 
ment schedule, but the data of only those 
who completed all the treatments are in- 
cluded in the analysis. The 133 subjects 
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meeting this requirement received one of 
two treatment regimens shown in Table I. 
The dosages of secobarbital were selected 
for the purpose of exploring the dose-re- 
sponse curve for this hypnotic. Since 100 
mg. of secobarbital is the usual clinical 
hypnotic dose, and could therefore represent 
a ceiling dose or a near-ceiling dose, it was 
decided to examine smaller doses. Each 
subject was given 2 doses of the hypnotic 
as well as the placebo. Obviously, the num- 
ber of treatments given to each subject 
could have been extended, but this would 
lessen the chances of selecting relatively 
homogeneous nights for the test. 

A compilation of the sleeping character- 
istics of the 133 subjects is presented in 
Fig. 1. The duration of sleep is actually 
the elapsed time between falling asleep 
and first awakening. However, since the 
subjects rather uniformly took less than 
30 minutes to fall asleep and since the time 
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to falling asleep is at best an estimate, it 
was decided to define the duration of sleep 
as the time between going to bed and first 
awakening to urinate. It is apparent in the 
histograms that the magnitude of indi- 
vidual variation is exceedingly large. For 
example, in the distribution of sleep times 
on placebo, there is a nineteen fold di- 
vergence in sleep duration between the 
shortest sleep (30 minutes ) and the longest 
sleep (570 minutes). It is also readily seen 
that the distribution of placebo responses 
is not normal but has the characteristics of 
a multimodal distribution. While this latter 
fact is not obvious in the histograms for 
the 25 mg., 50 mg., and 100 mg. secobarbi- 
tal responses, it is clear that in each of these 
the distribution has a tail in the lower 
sleep times and has an abrupt cutoff in 
the upper sleep duration. The asymmetry is 
most probably a consequence of the inabil- 
ity of the subjects to express fully their max- 


Sleep time (minutes) - lower class limits 


Fig. 1. Distributions of sleep duration experienced by the 133 subjects on different treatment 
nights. The ordinate gives the frequency with which a given sleep duration was observed; the 
abscissa defines the sleep time classes expressed by the lower class limit. For example, the 30 
minute bar represents the class with boundaries between 30 and 59 minutes, inclusive. 
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Fig. 2. Distributions of sleep duration experienced by the final 73 subjects. Same conditions 


as in Fig. 1. 


imum sleep potential because of the inter- 
ventions of an artificial awakening device— 
the alarm clock. 

Regardless of the aberrant forms of all 
the distributions in Fig. 1, the tendency of 
the barbiturate to prolong sleep time at 
all dose levels is to be found in the shift 
of the densities of the distributions to the 
right when compared with the placebo 
sleep pattern. The obvious non-normality 
of these distributions precludes the appli- 
cation of conventional statistical tests of 
significance. Therefore, an analysis of these 
results should be made on pharmacologic 
grounds in order to make the data more 
amenable to statistical consideration. 

A comparison of the individual data on 
the sleep durations of the 133 subjects on 
placebo nights with the statement supplied 
by each subject as to his normal sleep 
duration without medication on a water 
load showed that many subjects experi- 
enced no sleep difficulties with the water 
‘load. That is, these individuals slept ap- 
proximately as long as on a regular non- 
experimental night. It was arbitrarily de- 
cided that anyone who slept his regular 
sleep duration or who, slept to within one 


hour of his regular sleep duration could not 
be considered as having a sleep problem 
and therefore would not be expected to 
show any prolongation of sleep when test- 
ing a hypnotic. Furthermore, if a subject 
awoke in less than 60 minutes after retiring 
on a placebo night, he was also rejected 
as a candidate because the stimulus in- 
tensity was so severe that a hypnotic drug 
might not have time to develop its effect 
before the subject awoke. Fifty-nine met 
the criteria for the former category and 
one fit the latter criterion. Together they 
represent 45 per cent of the original popula- 
tion, leaving 73 subjects who were suitable 
for entering into a final analysis. 

The sleep patterns of the new sample 
under the effects of placebo and the various 
secobarbital doses (Table I) are illustrated 
in Fig. 2. Examination of the placebo histo- 
gram reveals that the density of subjects 
in the upper limit of sleep duration has 
been diminished as would be expected. 
The distribution is still skewed as are the 
distributions of the barbiturate histograms 
below. Apparently, the factor resulting in a 
truncation of the sleep times is still operat- 
ing. Note that the densities in the barbitu- 

C. 
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rate histograms are shifted to the right 
relative to the placebo distribution. The 
tendency toward prolongation of sleep by 
the secobarbital is therefore still present in 
this new sample. It appears that the 50 
mg. distribution is essentially normal; how- 
ever, a graphic analysis for normality using 
the probit test!* suggests that the distribu- 
tion is comprised of two fused normal pop- 
ulations. Once again the decision was made 
not to compare the mean sleep times on 
each of the 4 treatments with a conven- 
tional test such as the t test . 

It is a common experience to find that, 
when given sets of raw data are not in 


*The probit test for normality as well as the rankit 
test for samples with less than 30 observations provide 
a graphic means for making a decision as to whether 
or not the sample was drawn from a normal (Gaussian) 
population. Although these tests cannot actually prove 
the presence of normality, they can be used to determine 
the extent of departure and whether such a departure is 
systematic or random, thus allowing the investigator a 
certain amount of confidence (not expressible in numerical 
terms) to base his decision on using tests of significance 
derived from a Gaussian distribution. 
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vs Placebo 
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themselves normally distributed, differ- 
ences between 2 observations made on the 
same experimental unit would describe a 
Gaussian curve. Therefore, for a more dis- 
criminating method of analysis, advantage 
was taken of the experimental design which 
permitted comparisons between treatments 
within each subject. The differences in dur- 
ation of sleep with any 2 treatments were 
then averaged over all subjects entering the 
comparison to arrive at a mean difference 
in duration. Because the nurnber of differ- 
ences in the 25 mg. secobarbital sample 
was less than 30, the presence of normality 
was tested by plotting the rankit' against 
the difference in sleep duration (Fig. 3). 
On the other hand, the plot of the probit 
against the sleep time difference was used 
to test normality in the placebo vs. seco- 
barbital 50 mg. and the placebo vs. secobar- 
bital 100 mg. contrasts. The linearity of 
each curve in Fig. 3 leads to the decision 
that the differences in the 3 contrasts of 
sleep time are samples of normal popula- 
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Fig. 3. A graphic test of normality of the intrasubject sleep-time differences. The rankit test 
was used for the secobarbital 25 mg. versus placebo differences, the probit test for the other 
two contrasts. In each instance, the sleep duration on placebo night was subtracted from the 
sleep duration from the same subject on the drug night. 
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Table II. Results of tests of significance on the sleep durations 


No. of Mean difference 
individual in comparison 
comparisons (minutes) 


S.E. of 
difference Student's 
(minutes) t test 


Drug comparison* P value 


2.48 0.02 
<0.001 
<0.001 


Secobarbital 25 mg. vs. placebo 26 +67 +27 
Secobarbital 50 mg. vs. placebo 73 +126 +18 7.00 


Secobarbital 100 mg. vs. placebo 47 +110 +24 4.58 


*The unit of comparison is the difference in sleep duration derived by subtracting the sleep duration on placebo 
night from the sleep duration on drug night for each subject. 
Table III. The incidence of subjective effects reported by subjects for each treatment 


Secobarbital 
100 mg. 


Secobarbital 
Placebo 50 mg. 


Secobarbital 


Subjective effect Placebo 


Placebo 25 mg. 


Quality of sleep: 
Good 
Fair to poor 


Morning drowsiness: 
None 
Mild to severe 


Morning headache: 
None 
Mild to severe 


Gastrointestinal distress: 
None 24 
Mild to severe 2 


46* 66 28 42 
27 7 19 § 


55 42+ 
18 5 


68 


o 


*P determined from ,’ test of 2 X 2 contingency table is less than 0.001. 
+P determined from ,? test of 2 X 2 contingency table is between 0.05 and 0.01. 


tions, therefore, the t test may be applied 
to determine statistical significance of the 
3 mean differences. The results of the tests 
of significance are summarized in Table II. 
The subjects were able to distinguish all 
doses of secobarbital from the placebo. The 
average increase in sleep time was about 1 
hour with the 25 mg. dose and about 2 
hours with the 50 and 100 mg. doses. Al- 
though numerically the mean difference in 
sleep time for the 50 mg. dose is greater 
than for the 100 mg. dose, the difference 
is not statistically significant. Furthermore, 
there is no statistical significance between 
the mean sleep difference on the 25 mg. 
dose of secobarbital and the mean sleep 


difference on 50 mg. secobarbital (P is 
greater than 0.05). 

A group consisting of 13 subjects was 
presented with nothing but placebo cap- 
sules in a double blind manner on each of 
3 experimental nights in order to explore 
the variations that may occur by chance 
alone in repeated tests in a given subject. 
It was found that the mean sleep duration 
on the first night was less by approximately 
1% hours than the duration of sleep on the 
2 subsequent nights. The mean sleep dura- 
tions on nights 1, 2, and 3 were, respec- 
tively, 282, 354, and 360 minutes. The 
shorter sleep duration on the first night may 
be a reflection of the subjects’ zeal in con- 
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ducting the experiment. Had the treatments 
not been randomized in the main study the 
validity of the results would have been 
seriously impaired by this effect. 

The results of the subjective appraisals 
of the treatments are presented in Table 
III. The frequencies of occurrence of the 
various subjective qualities are stated in 
the body of the table. The 4 observed fre- 
quencies for each treatment comparison 
and each subjective quality were analyzed 
as a 2 X 2 contingency table using the x? 
test.1 Only 3 contingency tables showed sig- 
nificant differences. Under the stress of the 
water load, 37 per cent of the subjects 
complained of a fair to poor night’s sleep 
when taking placebo capsules whereas only 
10 per cent made this complaint on the 
nights they had taken the 50 mg. dose of 
secobarbital. On this same quality, 40 per 
cent of the subjects experienced fair to 
poor sleep on the placebo while in the 
same experimental group only 11 per cent 
reported this quality on the secobarbital 
100 mg. night. The subjects evaluating the 
100 mg. dose of the barbiturate were also 
able to distinguish the difference between 
the placebo and the barbiturate on the 
basis of the presence or absence of drowsi- 
ness in the morning. 

Examination of the urine volumes re- 
corded in Table IV shows no difference in 
the mean urine output from each treatment 
either in the original sample of subjects or 


Table IV. Urine output on first awakening 


Drugs subjects 
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in the sample used in the final analysis. 
The largest difference in urine output in 
either Table IV A or B was 30 ml. which 
is just about the accuracy of measurement. 
There was no correlation between the vol- 
ume of voided urine and the duration of 
sleep. 

The effects of body weight and body sur- 
face area on both urine output and dura- 
tion of sleep on barbiturate nights were 
examined in an additional sample of 15 
subjects and were found to be unrelated. 


Discussion 


The evidence provided by the experi- 
mental method used in this study shows 
that sleeping patterns of normal male sub- 
jects can be deranged by presenting the 
subjects with a physiologic stimulus in the 
nature of a heavy water load at bedtime. 
Furthermore, with appropriate statistical 
management of the data on sleep duration, 
it was found that the subjects were able to 
distinguish the hypnotic activity of 3 dos- 
ages of secobarbital from placebo. Certain 
qualifications have to be made in the re- 
sults and conclusions in order that the 
scope and limitations of the findings may 
be properly framed. 

The 700 ml. water load did not have an 
adverse effect on the sleep of all the 133 
subjects who entered the study; 50 of the 
132 subjects who slept more than 1 hour 
on placebo, i.e., 45 per cent, also slept to 


Mean urine 


output (ml.) Range (ml.) 


| No. of 


ORIGINAL SAMPLE, 

Placebo 133 
Secobarbital 25 mg. 35 
Secobarbital 50 mg. 133 
Secobarbital 100 mg. 98 


FINAL SAMPLE. 

Placebo 73 
Secobarbital 25 mg. 26 
Secobarbital 50 mg. 73 
Secobarbital 100 mg. 47 


569 150 to 1,200 
570 200 to 1,150 
539 150 to 1,200 
539 175 to 1,050 


576 175 to 1,200 
580 250 to 1,150 
583 150 to 1,200 
590 175 to 1,025 


———_——_————— 
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within 1 hour of their usual sleep dura- 
tions on the placebo night. Obviously, then, 
the intensity of the stimulus from the uri- 
nary bladder was either insufficient to 
awaken these subjects, or the subjects were 
experiencing a bona fide hypnotic effect 
from the placebo. The former reason seems 
more probable aid could be further ex- 
plained by the possibilities that these sub- 
jects either had high thresholds for 
perception of stimuli from the full bladder 
or did not excrete a sufficient volume of 
urine to evoke an awakening stimulus. The 
latter point is not likely judging from the 
facts presented in Table IV which show 
that the subjects who had a full night’s 
sleep on placebo excreted no less urine 
than the subjects with interrupted sleep. 
In addition, Homer Smith‘ has found that 
normal subjects are able to clear even a 
1 L. oral water load within 2 hours. To 
have attempted to force the high-threshold 
group into the disturbed-sleep category by 
increasing the water load on all subjects 
would undoubtedly have led to the loss of 
subjects who would either awaken too early 
or who would experience noxious effects 
from a larger water volume. Regardless 
of the causes, the failure of this group to 
react to the water load constituted a real 
threat to the unbiased success of the ex- 
periment because they exhibited no con- 
dition which could be relieved by legitimate 
hypnotics. Removal of all their data with- 
out a priori examination of their responses 
to the barbiturate seems to have been well 
within the realm of proper logic and would 
avoid any systematic bias. In fact, this 
technique is analogous to the usual tech- 
nique for selection of clinical patients for 
hypnotic studies in which only those hos- 
pital patients who complain of insomnia are 
included. 

Having thus eliminated those who have 
the potential of sleeping a full night with- 
‘out the intervention of a hypnotic drug, 
a new sample of subjects was obtained. An 
examination of the sleep time distributions 
of these subjects on the 4 treatments again 
revealed the presence of skewed normal or 
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multimodal normal distributions as was evi- 
dent in the distributions of the original 
sample. To adapt standard tests of signifi- 
cance, such has the t test, to the mean sleep 
duration on each treatment in the face of 
non-normality is fraught with the danger 
of violating certain of the assumptions 
underlying the tests. Not only the trunca- 
tion of the sleep times at the upper ranges 
with the rather prominent skewing of the 
distributions but also the contamination of 
the sample with subsamples requires spe- 
cial corrective techniques which are not 
simple to execute or necessarily desirable 
to invoke. With wisdom, the renowned 
pharmacologist A. J. Clark? said, regarding 
mathematical management of biologic data, 
“It must be remembered that a formula 
is merely a form of shorthand which is 
convenient but nevertheless dangerous be- 
cause it may conceal widely improbable 
assumptions which would at once be re- 
jected if stated in words.” 

The cross-over experimental design used 
in the study obviated any complications in 
interpretation of the data since the within- 
subject sleep differences, which were nor- 
mally distributed, could be used as the 
unit of measure. Although the barbiturate 
was found to increase the duration of sleep 
in all the dosages used, no dose-response 
curve was in evidence. This is an interest- 
ing development because it implies that 
an equivalent prolongation of sleep could 
be obtained with doses ordinarily not con- 
sidered as hypnotic. The lower level of 
significance in the 25 mg. secobarbital 
versus placebo contrast suggests that in- 
vestigation of dosages between 25 and 
100 mg. might lead to a dose-response 
curve. 

Although Isaacs developed the experi- 
mental technique for disturbing sleep, his 
analysis of the results differs from that pre- 
sented here. His major objective was to 
extract a depth of sleep index from each 
subject on each treatment. He defined the 
index as: D = (log t) x (logv). 

This empirical equation was obtained on 
the assumption that sleep associated with 
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large urine volumes is deeper than sleep 
with small urine volumes on awakening. 
His own critical analysis of the index showed 
that D was not related to v and that D was 
dependent on t only when the sleep dura- 
tion was less than 3% hours. Furthermore, 
he pointed out that the index could give 
erroneous estimates of depth of sleep under 
certain conditions. Our results show that 
the duration of sleep was not correlated 
with the awakening urine volume and we 
hesitate to use Isaacs’ mathematical ex- 
pression of depth of sleep because it im- 
plies a perfect relationship between the ex- 
pression (log t) X (log v) and the depth 
since the coefficient of this expression is 
unity. In addition, use of this equation with 
its complex unitage (log minutes) (log milli- 
liters) obscures the information on the ac- 
tual duration of sleep or on the differences 
in duration of sleep on drug and placebo 
nights. 

Although the urine output data were not 
utilized in our study to determine the sleep 
characteristics, their collection serves as an 
internal control of the diuretic or antidi- 
uretic actions of potential hynotic agents. 

It is interesting that the analysis of the 
subjective data leads to the conclusion that 
the subjects could distinguish the placebo 
capsules from the secobarbital 50 mg. and 
100 mg. doses when they were asked to ap- 
praise the quality of sleep on treatment 
nights. This often-used criterion seems to 
be better suited than the question of the 
presence or absence of morning “hang- 
over.” In spite of the success of the sub- 
jective appraisal of treatment effects, its 
utility is limited by its low sensitivity, e.g., 
the subjects could not discern any differ- 
ence between placebo and a 25 mg. dose 
of secobarbital, and by its failure to give 
any indication of graded effects on sleep 
time. The superiority of the objective 
method on these two factors is readily ap- 
preciated from the results presented in 
this study. On the other hand, a disadvan- 
tage of the use of sleep duration as the 
criterion of hypnotic activity is the neces- 
sary assumption that the subject first 
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awakens only when he rises to urinate. It 
does not account for interrupted sleep or 
periods of wakefulness prior to arising to 
void; therefore, an additional criterion such 
as the subjective report on the quality of 
sleep or on an objective appraisal of the 
presence of wakeful periods in hospital- 
ized subjects would be of value. Lasagna® 
reports on such a method for testing hyp- 
notics in ward patients. 

The facts obtained in this experiment 
suggest certain factors that should be con- 
sidered in actual clinical trials of hypnotic 
drugs. First, it is mandatory that the data 
be examined for distribution characteris- 
tics in order to avoid invalid conclusions 
stemming from the misapplication of sta- 
tistical methods. Second, in the selection 
of dosages of standard hypnotic agents or 
even new drugs, the dosage range usually 
considered as a sedative range should be 
explored since it is possible that the cur- 
rent recommended dose ‘may be higher 
than necessary. Third, the well-established 
yet often-neglected need for randomiza- 
tion of drug treatments and use of the 
double blind technique must be more vig- 
orously emphasized in the design of clini- 
cal experiments. Finally, the use of ‘sub- 
jective appraisals of drug effects should 
not be abandoned when objective measure- 
ments are used because the subjects them- 
selves can often provide information about 
a drug that cannot be obtained by any 
objective technique. 


Conclusions 


1. A 700 ml. water load given to normal 
male subjects at bedtime creates a dis- 
turbance of sleep in 55 per cent of the indi- 
viduals. This group can be used to evaluate 
hypnotic drugs. 

2. Secobarbital in dosages of 25, 50, and 
100 mg. will prolong the sleep duration in 
this group relative to that obtained with 
placebo treatment. 

3. Secobarbital in dosages of 50 and 100 
mg. can be distinguished from placebo 
when the criterion for good sleep is based 
on subjective appraisal. 
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4, Both subjective and objective measure- 


ments should be used in the evaluation of 
hypnotic activity. 
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The history of natural science shows that initially attempts were made, analogous 
to mathematics, to find an explanation apart from any experience, based on 

thinking only, i.e., an explanation a priori. This has become a complete failure 

and it is now an established fact that any and every conclusion based on 
reasoning should be verified, in natural science, by observation, preferably by 
observations made in experiments. In medicine this fact has not been generally 
accepted so far. Farsighted minds such as John Hunter were aware of this 

long ago, as shown by Hunter's famous exclamation of impatience: “Why 

think? Why not try the experiment?” with which he 


addressed his friend and pupil Jenner. 
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The existence of underdeveloped and debilitated patients as well as the widespread 


use of drugs with catabolic effects makes it essential that a nontoxic, nonandrogenic, 


highly potent anabolic drug be developed. Some of the more significant historical, 


experimental, and clinical aspects of the anabolic steroids are discussed. 


Before their wide therapeutic acceptance, further critical evaluation 


of these drugs will be necessary. 


Peter H. Berczeller, M.D., and Herbert S. Kupperman, M.D., Ph.D. 


New York, N. Y. 
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Medicine has long sought a_ specific 
chemical compound that would be effec- 
tive in repairing and augmenting the pro- 
tein components and supportive structures 
of the body. The need for such agents is 
obvious. With the advent of the clinical 
use of the sex steroids, it appeared that ful- 
fillment of the hope for the ideal anabolic 
steroid could be anticipated. Despite the 
passage of three decades since the original 
steroids appeared on the medical horizon, 
however, a universally acceptable anabolic 
agent without untoward side effects has 
yet to be developed. 

By anabolism we mean “a constructive 
metabolism indicating the building or for- 
mation of tissues in general.” This process 
is dependent upon general good _ health, 
adequate and balanced diet, physical ac- 
tivity, and the presence and action of the 
anabolic steroids and growth hormone, the 
former occurring as estrogens and andro- 
gens in both males and females. 

There are a number of clinical condi- 
tions in which the use of anabolic agents 
is desirable. This is particularly the case 
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when endogenous anabolic steroids are 
not adequate to maintain anabolism or 
when endogenous production of anabolic 
steroids is absent. The agonadal state, due 
to either disease, operation, or idiopathic 
causes, is the most obvious indication for 
such therapy. The process of aging with its 
attendant decline in steroid production and 
the resulting muscle wasting, loss of en- 
ergy, and osteoporosis is another example 
of the need for anabolism. The postopera- 
tive patient is subjected to profound cata- 
bolic processes and will often require ana- 
bolic therapy, particularly when the patient 
is debilitated and in constantly negative 
protein balance. The chronic administration 
of corticosteroids frequently requires the 
use of anabolic agents to offset the osteo- 
porotic and myopathic effects that may ac- 
company this mode of therapy. And, finally, 
retarded growth in children may be con- 
sidered as an indication for the use of 
these steroids, provided no adverse effects 
are expected. 

This paper will consider estrogen, tes- 
tosterone, methyltestosterone, methylandro- 
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stenediol, norethandrolone, and nandrolone 
phenpropionate, purely as anabolic agents. 
Their use in other modalities of therapy is 
beyond the scope of this paper and will 
not be discussed here. 

Chemistry. It might be well at this point 
to review briefly the basic chemistry of the 
substances under discussion. 

As can be seen (Fig. 1), the 4 ring 
nucleus is common to all. Considering 
the far-reaching differences in the actions 
of these substances, their chemical differ- 
ences are relatively small. For example, the 
difference between testosterone and_ 17- 
ENT is that the latter has no C-19 methyl 
group and that its 17-alpha hydrogen is 
substituted by an ethyl group. Yet, this 
change has a profound effect on the viriliz- 
ing potential, as will be expanded upon be- 
low. On the other hand, studies have 
shown that when the 17 position contains 
more than two carbons, both the anabolic 
and androgenic activity is usually reduced.! 
The converse is also true. Other studies 
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have shown that one can prolong the ac- 
tion of the 19-norsteroid by adding a 
phenylpropionate group at the 17-beta posi- 
tion.2 Other 19-norsteroids closely allied 
chemically to those under discussion have 
a primarily progestational effect at much 
lower doses than would be necessary to 
achieve a primarily anabolic effect. 


Testosterone 


Assay. The assay of the androgenic ana- 
bolic drugs is of some interest. This has 
followed two lines of thought. One is the 
nitrogen-retaining technique ascertained 
by balance studies first proposed by Kocha- 
kian and Murlin® in 1935. This, of course, 
is more feasible in humans in whom weight 
and height determination as well as cal- 
cium and nitrogen balance studies have 
been of great importance in determining 
the clinical efficacy of the anabolic drugs. 
In animals, the observation that testosterone 
propionate (TP) caused definite hypertro- 
phy of the temporal muscles of the guinea 
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pig* was the forerunner of the levator ani 
method which, despite some objections,° is 
well accepted at this time. The latter tech- 
nique has as its basis the increase in weight 
of the levator ani muscle of the castrated 
male rat.** Its advantage is accessibility of 
the muscle, clear demarcation of end point, 
and the quantitative response of this mus- 
cle to graded doses of steroids. Androgenic- 
ity has been measured, on the other hand, 
by such methods as estimation of axillary 
hair growth,’ increased libido, acne, and 17- 
ketosteroid excretion in the human, and in- 
crease in size of the seminal vesicle and 
ventral prostate in animals. There are also 
some highly specific anabolic effects attrib- 
uted to testosterone. These include the 
growth of the comb, wattles, and ear lobes 
of the castrated cockrel (and growth of the 
comb in the hen), renal enlargement caused 
by testosterone administration,® the myo- 
metriotrophic effect which has also been 
reported,!® as well as the anabolic effect 
on the protein matrix of the skin." 

The generally greater muscle develop- 
ment and usually greater height and weight 
of postpubertal males as compared to fe- 
males point to the anabolic nature of the 
androgenic steroids. The softening of the 
toughened meat of male animals by cas- 
tration offers practical evidence of the ana- 
bolic nature of endogenous testosterone. 

Experimental aspects. Experimental data 
on the anabolic properties of testosterone 
are extensive. Kochakian and Murlin® ex- 
tracted male hormone from urine and in- 
jected it into castrate dogs. They found that 
there was a drop in urinary nitrogen, which 
began the first day after injection and 
reached a maximum within 5 days, with a 
rise in urinary nitrogen following cessation 
of injections. 

The anabolic effect of androgens was 
demonstrated in the normal, castrated, 
adrenalectomized, hypophysectomized, and 
diabetic male rat and in the normal and 
ovariectomized female rat.'* Similarly ana- 
bolism was also shown in the thiouracil- 
treated and surgically hypothyroid cas- 
trated rat. In contrast to this, TP was found 
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to decrease the body weight of normal 
adult rats in proportion to the dose admin- 
istered. The loss in body weight was 
thought to be due primarily to a diminution 
of fat in the subcutaneous and abdominal 
areas with an associated decreased appe- 
tite. The protein content of the skin in these 
animals was found to be markedly de- 
creased. In young, growing, adult rats, TP 
decreased the rate of growth but not suffi- 
ciently to decrease the body weight. How- 
ever, cessation of androgen administration 
in both young and old normal rats resulted 
in an increase in appetite with a rapid res- 
toration of body weight.'* 

The discrepancy in the above results, 
showing the anabolic effects of the andro- 
gen on specific muscles on the one hand, 
with loss of body weight and decrease in 
protein matrix of the skin on the other, 
may be due to overdosage of testosterone 
with resulting toxicity in the latter studies. 

The so-called “wearing-off” effect of tes- 
tosterone is of interest. It has been found 
that the initial ability of androgens to cause 
nitrogen retention disappears on continua- 
tion of the injections, with a resulting loss 
in the body weight that had been gained." 
The “wearing-off” effect of the androgen on 
body weight and nitrogen retention may 
be postponed by increasing the dose, 
something which has also been seen in the 
case of growth hormone. For example, 
when normal rats were kept on a dose of 
0.25 mg. of TP daily, the total nitrogen re- 
tention for a 21 day period was 312 mg. 
with a gradual rise in daily nitrogen excre- 
tion. However, when the dose was increased 
to 2.5 mg. a day, postponing the return of 
the nitrogen balance to equilibrium, a fur- 
ther retention of 173 mg. of nitrogen over 
a 14 day period was effected, with an- 
other temporary fall in urinary nitrogen 
being observed.'5 

The etiology of the “wearing-off” effect is 
not clear. It is not due to the inhibitory 
effect of the exogenously administered hor- 
mone on the release of the anabolic princi- 
ple of the anterior pituitary or adrenal cor- 
tex because these same effects can be pro- 
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duced in hypophysectomized and adrenal- 
ectomized rats. It is also not due to antihor- 
mone formation since an anabolic effect can 
be repeatedly demonstrated in the same 
rat.14 

Attempts at defining the exact nature of 
the effect of TP on the muscle have been 
made. In castrated adult rats injected with 
TP, protein was found to be deposited in 
the following order of decreasing magni- 
tude: carcass, seminal vesicles and prostate, 
and liver and-kidneys. If the intensity of 
therapy was increased by either prolonging 
the duration or increasing the dosage, the 
carcass began to lose not only fat but also 
protein, which was apparently diverted to 
accessory sexual organs and, to a smaller 
extent, to the kidneys. It was also found 
that the amino acid composition of skeletal 
muscle, liver, kidney, seminal vesicles and 
prostate was not changed by the androgen.'® 

The biochemical effect of testosterone 
was studied in the levator ani muscles of 
21- and 54-day-old rats for 1, 3, 5, and 7 
days. Initially, striking increases in gly- 
cogen concentration were found to occur. 
With continued testosterone therapy, a de- 
crease in glycogen concentration was asso- 
ciated with rapid growth of the muscle. 
These changes in total glycogen were due 
to the trichloracetic acid soluble moiety, 
while acid insoluble glycogen remained un- 
changed. It is therefore thought that the 
action of testosterone may be mediated via 
a primary effect on the energy aspects of 
muscle metabolism and that the mechan- 
isms involved in protein synthesis may be 
accelerated when extra energy is made 
available in the form of increased trichlor- 
acetic acid soluble glycogen levels.!* It has 
also been found that TP gives only a tran- 
sitory fall in nitrogen excretion in rats kept 
on protein-free food for a short time, but 
fails to do this entirely in rats which have 
already been kept on protein-free food for 
‘2 weeks prior to TP administration. In con- 
trast to growth hormone, TP fails to de- 
crease the amino acid content of blood in 
freshly eviscerated rats and does not cause 
inhibition of liver arginase.'8 
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Diet also influenced the response of cas- 
trate dogs as far as nitrogen-retaining 
activity was concerned, particularly when 
nitrogen intake was maintained above min- 
imal levels. At the minimal level of nitro- 
gen intake, no evidence of retention of 
nitrogen could be demonstrated.’® 

Clinical application. Since the anabolic 
effects of androgenic hormones have been 
discovered, the clinical use of these sub- 
stances has been widespread. However, the 
obvious undesirable effects of the andro- 
gens upon hirsutism, acne, secondary sexual 
characteristics, and menstruation have pro- 
vided the impetus for development of ana- 
logues of testosterone which would show a 
dichotomy between anabolism and andro- 
genicity. The virilizing effect of all andro- 
genic steroids and their analogues has been 
most disturbing, since their chronic use in 
adequate doses will produce sexual pre- 
cocity, unsightly body hair, and disturbing 
increase in libido. The 19-nor analogues ap- 
pear to cause less of the latter and will be 
discussed below. At any rate, testosterone 
is an anabolic drug par excellence, and an 
understanding of its effects is necessary for 
adequate comprehension of anabolism in 
general. 

One of the first significant clinical studies 
on the effect of TP was performed in 1938 
by Kenyon and associates.2° They found 
that daily intramuscular administration of 
25 mg. of TP caused a consistent decrease 
in urinary nitrogen varying from 1.16 to 
4.51 Gm. of nitrogen daily in each of four 
eunuchoid patients studied. Also, there was 
a decrease in urinary sodium. The authors 
came to the conclusion that the gain in 
weight was largely due to fluid retention. 
Later, in 1944, they”! felt that there must 
be an increase in the mass of nongenital 
tissue in individuals who are on TP ther- 
apy, because of the marked retention of 
inorganic phosphorus, sulfate, and potas- 
sium. Wilkins and Fleischmann?’ believe 
that the increase in body weight resulting 
from androgen therapy is due to both build- 
ing of protein tissues and fluid retention. 
In the light of our present-day knowledge 
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of the pharmacologic effect of the doses 
used by both Kenyon’s and Wilkins’ groups, 
we feel that the increase in weight due to 
androgen therapy in the above studies was 
most probably secondary to protein ana- 
bolism alone. 

The indications for testosterone therapy 
have been many and varied. It has been 
used in the treatment of premature infants 
and developmentally retarded children. In 
one study, 15 premature infants of both 
sexes weighing less than 2,000 grams (with 
a predicted mortality rate of approximately 
50 per cent) were given 2.5 mg. of methyl- 
testosterone (MT) twice daily for from 4 to 
7 weeks. All 15 survived. Weight and in- 
creased vigor were initiated early, each 
child gaining at least 1,000 grams during 
the treatment period.?* In children with re- 
tarded growth, MT was found to be a po- 
tent agent in improving the ultimate height 
of 2 children, one a boy with mild achon- 
droplasia, the other a girl with Turner’s 
syndrome. Before treatment, the boy, who 
was 10 years old, was 110 cm. tall with a 
markedly retarded bone age. After 2 years 
of MT therapy (5 to 10 mg. daily subling- 
ually), the bone age of the epiphyses in- 
creased from 7 to 9 years and his height 
increased 11 cm. The girl, who was 14 years 
of age, had a retardation of bone age of 
about 3 years (an unusual finding in 
Turner's syndrome) and was 134 cm. tall. 
After 5 to 10 mg. of sublingual MT daily 
for 2 years, the height had increased 11.5 
cm. whereas the bone age had advanced 
only from 10 years, 10 months, to about 13 
years. These data indicate that, in the de- 
scribed studies, testosterone caused promo- 
tion of growth without undue acceleration 
of skeletal maturation.** 

On the other hand, Sobel and co-work- 
ers believe that testosterone stimulates 
both linear growth and skeletal maturation. 
They evaluated the relative influence of 
oral MT (5 to 40 mg. daily) in 27 children, 


aged 5% to 10 years, who were growing 
slowly. A dose of 5 mg. daily evoked a 
growth response in the 6 months of ther- 
apy, as did larger doses, They found that 


Clinical Pharmacology 
and Therapeutics 


the average increase in skeletal age was 
greater than that in height age during the 
period of therapy. Skeletal maturation con- 
tinued to advance to a greater degree than 
had been noted during the control period 
of observation. Growth increments were 
found to revert to average normal when 
therapy was discontinued. The authors con- 
clude, “Since growth is essentially ended 
when epiphyseal maturation is complete, 
the observations suggest that testosterone 
may not be a suitable agent for the pro- 
motion of growth.” This statement is open 
to question, however, since, as the authors 
themselves admit, “there is considerable 
natural variation in the rate of skeletal 
maturation and the number of children in 
each group was small.” Moreover, the chil- 
dren were used as their own controls (in 
the pretreatment period ), and a significant 
evaluation of testosterone in this light 
would have to be based on the skeletal 
maturation rate of large numbers of un- 
derdeveloped, untreated children. In this 
regard, Kenyon and his collaborators”! felt 
also that maturation of bony structures oc- 
curs on testosterone therapy but closure of 
the epiphyses is not readily induced and, 
presumably, requires more prolonged 
therapy with larger doses. Our data with 
other steroids discussed below disagree 
with Sobel’s conclusion in that we have 
seen a significant increase in linear growth 
without notable effects upon accelerating 
epiphyseal closure. 

Other uses of testosterone have included 
the treatment of patients following total 
gastrectomy. In these cases, weight loss 
and negative nitrogen balance are problems 
of great importance. Van Wayjen and co- 
workers*® found that protein utilization in 
all but one male after gastrectomy was im- 
proved following administration of TP. 
Nitrogen balance in a femal agastric pa- 
tient was likewise improved as a result of 
this therapy. This was achieved at a lower 
dose than necessary for males and was 
combined with estrogen therapy. When 
the androgen-treated series was compared 
with untreated agastric controls, the for- 
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mer group showed a marked increase in 
body weight. 

Testosterone has been used as a nitro- 
gen-sparing agent after spinal cord injury.*7 
The study included 15 patients with spinal 
cord injuries who were placed on daily 
doses of 50 to 100 mg. TP intramuscularly. 
There were 15 untreated controls. The pa- 
tients on TP showed an initial relative hy- 
poproteinemia despite the induced nitro- 
gen retention. They showed considerably 
less urinary excretion of nitrogen and crea- 
tine, a more favorable status of nitrogen 
balance, and a lower incidence of decu- 
bitus ulcer formation. The hypoproteinemia 
in the long run, however, was found to be 
less pronounced than in the untreated 
controls. 

It is now a well-known fact that many of 
the clinical manifestations of Cushing’s syn- 
drome are due to protein loss secondary to 
corticoid-induced catabolism. These in- 
clude osteoporosis, striae, and myopathy. 
With the use of TP (25 to 50 mg. daily), in 
3 cases of Cushing’s syndrome, Albright, 
Parson, and Bloomberg** found that there 
was a 20 Gm. retention of nitrogen in 5 
days, a prompt retention of phosphorus, de- 
creased urinary calcium, and a marked in- 
crease in strength and weight. Despite the 
modern trend toward the surgical and/or 
radiation therapy of Cushing’s syndrome, 
it may be well to keep in mind the use of 
adjuvant protein-sparing therapy for the 
pre- and postoperative periods when pro- 
tein catabolism still plays an important role 
in the patient’s symptomatology. It may 
also be stated at this time that the use of 
testosterone or its analogues is certainly in- 
dicated to combat the serious side effects 
such as osteoporosis and muscle weakness 
and wasting noted after the therapeutic 
application of large doses of corticoids. 
These are, admittedly, usually factors in 
long-term, high-dosage therapy, but they 
‘may force cessation or drastic reduc- 
tion in dosage if no anticatabolic agent is 
employed. 

Testosterone has also been used in the 
treatment of a patient with Addison’s dis- 
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ease as well as moniliasis and hypopara- 
thyroidism. Administration produced a gain 
in weight, decreased urinary excretion of 
nitrogen, potassium, and sodium, and a 
marked decrease in serum  potassium.”® 
The decrease in potassium is probably not 
due to a corticoid-like effect but may be 
ascribed to the incorporation of potassium 
into muscle due to the anabolic effect of 
testosterone. 

In metabolic studies in myxedema fol- 
lowing daily administration of 100 mcg. of 
l-triiodothyronine, one patient (a male) 
showed marked weight loss and a negative 
nitrogen balance which lasted between 200 
and 220 days. Similar changes occurred in a 
myxedematous female who weighed less 
than the male but they were neither as 
marked nor of such long duration. In the 
male, administration of 25 mg. of TP caused 
nitrogen retention during the period of 
negative nitrogen balance. In contrast to 
the myxedematous patients, daily oral ad- 
ministration of 100 mg. of /-triiodothyro- 
nine for 10 days to a healthy male volun- 
teer produced insignificant changes in the 
nitrogen balance and no decrease in 
weight.*° 

Administration. The oral application of 
testosterone has been relatively ineffective 
(as contrasted with that of MT, which is 
not destroyed when given orally). The in- 
gested steroid is usually rapidly metab- 
olized by the liver or poorly absorbed and 
excreted via the intestines so that it is only 
one tenth or one thirtieth as active as when 
given parenterally.*!°? Poor absorption 
probably plays an insignificant role since 
our own data on the use of oral testosterone 
indicate a higher 17-ketosteroid level than 
after equivalent doses of the parenteral 
medication.** The poor therapeutic effect 
noted after oral administration of testoster- 
one or TP is more probably due to rapid 
destruction of the steroid by passage 
through the liver. Methylation prevents the 
complete destruction of the administered 
steroid. 

On the other hand, esterification of 
parenteral testosterone causes prolongation 
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of action and enhances the anabolic and 
androgenic activities of the steroid. This 
illustrates a basic principle in endocrin- 
ology in that slow release and continuous 
activity of hormone preparations lead to 
enhanced effects, in contrast to the rise and 
fall of stimulation seen with shorter-acting 
preparations. By use of the growth of the 
male accessory glands of castrated rats for 
the quantitation of the effectiveness of vari- 
ous androgens, it was found in one study 
that both testosterone cyclopentylpropion- 
ate and testosterone phenylacetate proved 
to be the most effective of the long-acting 
steroid ester combinations. Next in order of 
decreasing activity were testosterone iso- 
butyrate, testosterone as an aqueous phos- 
phate suspension, TP as an aqeuous sus- 
pension, testosterone as an aqueous sus- 
pension, TP in oil, and, the least active, 
testosterone in oil.** 

It should be noted that while TP as an 
aqueous suspension gave prolonged effects 
in animals, it was not applicable to human 
studies, because of the severe pain it caused 
at the site of injection. 

Another group studied testosterone, tes- 
tosterone with aluminum phosphate, tes- 
tosterone cyclopentylpropionate, methylan- 
drostenediol (MAD), and MAD with alu- 
minum phosphate. They found that testos- 
terone cyclopentylpropionate had the best 
anabolic and androgenic efficacy of all the 
steroids studied. This was thought to be 
due to delayed inactivation of the ester. 
While aluminum phosphate was found to 
delay the onset and decline of the anabolic 
and androgenic actions of testosterone in 
aqueous suspension, it had no such effect on 
the activity of MAD.** 

Intravenously administered testosterone 
appears to be so rapidly metabolized that 
there is little or no effect as far as the usual 
modalities of activity are concerned. In one 
study,*® 19 subjects were given 240 mg. of 
testosterone intravenously in human serum 
albumin solution over a half-hour period. 
No effect on nitrogen balance was noted. 
The same amount was given intravenously 
to 2 subjects over 24 hours and proved to be 
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only slightly anabolic. Intramuscular TP, 
on the other hand, proved to be definitely 
anabolic in smaller doses. The authors con- 
clude that the anabolic effect of testosterone 
depends not on a high level acting for a 
short period but on a lower level persisting 
for a longer period of time. This was in 
contradistinction to a previous report from 
the same laboratory*® where 150 to 200 mg. 
of testosterone in solution in human serum 
albumin given intravenously was found to 
cause significant nitrogen retention starting 
within the first 24 hours. In the same report, 
it was stated that 25 mg. of testosterone 
given intramuscularly daily caused a grad- 
ual fall in the excretion of nitrogen which 
reached in 4 to 8 days a positive balance 
equal in magnitude to that seen on the sec- 
ond day of the intravenous administration. 

Creatine metabolism. Testosterone and 
MT have differential effects upon creatine 
excretion. In 4 patients with slight crea- 
tinuria, testosterone caused a decrease in 
excretion. After withdrawal of testosterone, 
there was a rebound with the peak value 
about three times the amount observed in 
the control periods. Keutmann, Bassett, and 
Kochakian** thought that the excess crea- 
tine excreted during the rebound exceeded 
what had been retained during androgen 
therapy. It was thought that testosterone 
possibly accelerated the synthesis of crea- 
tine and, when androgen therapy was dis- 
continued, the effect on creatine synthesis 
rapidly ceased. MT and MAD administra- 
tion was initially associated with a decrease 
in creatinuria for a few days followed by a 
gradual increase to levels far above those 
of the control periods. In the case of MAD, 
this continued for some time after with- 
drawal of therapy, and was followed by a 
decline. When MT was withdrawn, there 
was a marked rebound in the release of 
creatine which had previously been stored. 
Paradoxically, a steady increase of crea- 
tinine excretion was observed while both 
compounds were given, which would sug- 
gest that increased creatine had been de- 
posited. The initial decrease in creatinuria 
caused by MT is in contrast to the usual 
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concept of increased creatinuria following 
MT administration. 

In a study on the effect of TP and MT 
on the creatinuria of progressive muscular 
dystrophy,** it was found that TP admin- 
istration caused no change in creatine out- 
put but, after withdrawal, marked crea- 
tinuria was seen for several days. MT ad- 
ministration, on the other hand, caused 
marked creatinuria but there was no in- 
crease after withdrawal of the medication. 
TP administration to normal subjects in 
this study caused a marked decrease in 
creatine excretion, with rebound after its 
withdrawal. MT administration to the nor- 
mal controls caused increased creatinuria. 


Testosterone analogues 


Attempts have been made since the rec- 
ognition of testosterone as an anabolic 
agent to improve the anabolic:androgenic 
ratio of the androgenic steroids in an effort 
to synthesize the ideal preparation the ana- 
bolic properties of which would be evident 
long before its virilizing potential was ex- 
pressed. Unfortunately, none of the newer 
anabolic androgens are entirely free of 
virilizing effects if given in high enough 
doses. Nevertheless, as a result of the many 
attempts which have been made to modify 
the steroid nucleus, some new compounds 
have been synthesized, including the three 
steroids which will be discussed below. 
These are by far the most promising, al- 
though they still leave much to be desired 
as far as freedom from androgenic effects 
is concerned. 

As has been discussed above, small, 
apparently insignificant changes in the 
steroid nucleus can cause significant alter- 
ations in the pharmacologic potential of the 
synthesized steroid. For example, it has 
been found that removal of the 19 carbon 
atom and/or unsaturation of the carbons 
5-6 (rather than 4-5) results in less andro- 
genic activity without impairing anabolism. 


Norethandrolone (17-ENT) Niveva 


Norethandrolone, the 17-alpha methyl 
ester of 19-nortestosterone, was synthe- 


ry 
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sized in an attempt to emphasize anabolic 
effects while diminishing androgenic prop- 
erties. In comparison to TP, it has been 
found to have equivalent anabolic activ- 
ity’**.40 but has approximately only one 
sixteenth the androgenic potential.*°*! It 
has been said that “TP produces androgenic 


effects at a dose that is not anabolic 
whereas [17-ENT] is anabolic at a dose 
that is not androgenic.”! It should be em- 
phasized, however, that there is no question 
that 17-ENT can produce virilization in- 
cluding increased frequency of erection, 
enlargement of the clitoris, acne, hirsut- 
ism, and deepening of the voice. In one 
series, in which 1.5 mg. per kilogram was 
given daily for 10 days followed by 0.5 
mg. per kilogram thereafter, there was evi- 
dence of some degree of virilization in 20 
per cent of the patients.*? For those who 
feel that 17-ENT is not androgenic at cer- 
tain dose levels (usually about 1.2-1.5 
mg. per kilogram), it should be empha- 
sized that androgenicity might be demon- 
strable only with chronic and not with 
acute administration. For example, fre- 
quency of penile erection and increase in 
the size of the penis in young males are 
specific and sensitive measures of andro- 
genicity. Such patients receiving doses of 
norethandrolone in excess of the amounts 
noted above will frequently show the stim- 
ulatory effects on the penis, provided the 
medication is continued for more than 1 
month. In all instances of reported andro- 
genicity, decreasing the dose or discontinu- 
ing the drug relieved most of the adverse 
symptoms noted except for occasional re- 
sidual deepening of the voice. In the au- 
thors’ experience, residual hirsutism has 
also been seen. Use of 20 mg. daily for 7 
weeks in a small boy caused penile enlarge- 
ment and pubic hair growth,‘ since the 
dose used exceeded 1 mg. per kilogram. 
Decreased spermatogenesis has been 


noted in patients who have been treated 
with doses as low as 30 mg. daily, with a 
rebound seen after cessation of therapy.*? 
This is not, however, a measure of the an- 
drogenicity of the compound but merely an 
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attribute of its potent gonadotrophin-in- 
hibiting effect. Removal of the 19-methyl 
group enhances the gonadotrophin-inhibit- 
ing quality of many of the parent com- 
pounds so altered. 

17-ENT also has significant progesta- 
tional activity, but to a lesser degree than 
ethinyl nortestosterone. The endometrium 
does not appear to be as well supported by 
17-ENT as it is by the other progestational 
agents of similar structure. Break-through 
bleeding occurred in a significant number 
of cases where 17-ENT was used as a pro- 
gestational steroid.*? This may be due, 
however, to lack of adequate concomitant 
estrogenic activity rather than inadequate 
progestational activity per se. 

As far as mode of administration is con- 
cerned, 17-ENT is relatively well absorbed 
by oral administration and is five times as 
potent as MT and 19-nortestosterone in in- 
creasing levator ani muscle weight.' Intra- 
muscular administration has* been shown 
to be 1%#* to 5! times as effective, on 
a milligram for milligram basis, as oral 
administration. 

Experimental and metabolic aspects. 
Before discussion of the clinical uses of 17- 
ENT, it might be well to consider briefly 
some of the metabolic and experimental as- 
pects of 17-ENT administration. 

The effect of ENT on pituitary gonado- 
trophin was evaluated by Goldman and 
associates*? with immature, castrated male 
rats joined in parabiosis to immature fe- 
males. At doses of 10, 20, and 40 mcg. of 
17-ENT daily, significant suppression of 
pituitary gonadotrophin occurred, although 
the higher doses gave a greater degree of 
suppression. These doses in parabiotic ani- 
mals were anabolic without being signifi- 
cantly androgenic. The gonadotrophin-in- 
hibitory effects were substantiated in the 
human in patients receiving 50 to 100 mg. 
of 17-ENT daily for 3 weeks or longer and 
who had normal or increased gonadotro- 
phic hormone in the urine before therapy.*” 
In these cases, the urinary gonadotrophic 
hormone fell to undetectable levels. In an- 
other report,*® gonadotrophic hormone was 
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inhibited in 2 patients with Klinefelter’s 
syndrome and one menopausal woman by 
20 and 40 mg. of 17-ENT per day, respec- 
tively. This is disputed by the data*® on 
4 patients with elevated resting levels in 
whom doses of 100 to 1,500 mg. daily pro- 
duced little evidence of suppression, except 
possibly in one patient during the second 
week of therapy. However, there is no in- 
dication given in this paper of the duration 
of therapy. 

17-ENT and MT have been found to 
be highly active in preventing the catab- 
olism and soft tissue calcification that nor- 
mally occur following intoxication with di- 
hydrotachisterol in the rat.‘ 

The effect of 17-ENT on the uptake of 
radioactive sulfur in intact and fractured 
humeri in normal and castrated male rats 
was studied by Kowalewski and Gouws.** 
The ratio of radioactivity of fractured:in- 
tact bone was calculated and it was found 
that castration resulted in a significant de- 
crease in radioactivity of fractured speci- 
men as compared to that in normal controls. 
However, 17-ENT given to castrated rats 
during the period of healing of the fracture 
stimulated the radioactive sulfur uptake 
in fractured bones, resulting in a ratio of 
radioactivity which was several times 
higher than the same ratio observed in un- 
treated rats. This was carried further by 
the investigation of the effect of cortisone 
and 17-ENT on the radioactive sulfate up- 
take of young cockerels’ leg bones. Corti- 
sone was found to diminish, and 17-ENT to 
increase, the capacity of growing bones to 
bind labeled sulfate,*® which is interpreted 
as a manifestation of the antianabolic and 
anabolic effects of these hormones, respec- 
tively. Comparable effects were also ob- 
served in the studies on the fractured rat 
humerus with radioactive sulfur uptake 
procedures. Cortisone was shown to impair 
significantly the repair of fractured hu- 
merus and 17-ENT was found to offset 
this effect when given simultaneously with 
cortisone or alone to rats pretreated with 
cortisone.*? 

The effect of 50 to 100 mg. of 17-ENT 
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daily in 4 males has been found to cause a 
decrease in the excretion of 17-ketosteroids 
and 17-ketogenic steroids.*! In another 
study,*° in which 11 female patients re- 
ceived 17-ENT, 25 mg. intramuscularly 
three times weekly for 10 weeks, 5 patients 
had decreased 17-ketosteroid excretions. 
Our experience is that 17-ketosteroids in fe- 
males are not affected by 17-ENT. The de- 
pression of 17-ketosteroids in males. on 17- 
ENT may be attributed to gonadotrophic 
hormone inhibition with resulting de- 
pressed endogenous testicular activity. Our 
data indicate that, in the doses used, 17- 
ENT does not inhibit adrenocortical secre- 
tion of the 17-ketosteroid precursors. 

The effect of 17-ENT on creatine and 
creatinine excretion was studied by Dow- 
ben.** A mean increase of 393 mg. in daily 
excretion of creatine and an increase of 
0.77 Gm. in daily excretion of total crea- 
tinine chromogen was observed in 6 pa- 
tients after oral administration of 30 mg. 
17-ENT daily for 6 weeks. The author feels 
that the alteration of creatine metabolism 
may possibly be part of the general anabolic 
effect of 17-ENT. 

The effect of 17-ENT on blood lipids 
was studied by Meade and co-workers,®* 
who administered 25 or 50 mg. of 17-ENT 
or a placebo to 57 chronically underweight 
individuals in a double blind study. On 50 
mg. of 17-ENT daily, they found decreased 
alpha-lipoproteins, unchanged beta-lipopro- 
teins, and decreased cholesterol and phos- 
pholipid levels equally in males and fe- 
males, in both the young and older age 
groups. On 25 mg. of 17-ENT, moderate 
reductions in phospholipid and cholesterol 
levels were seen in both age groups with 
no change in lipoprotein in the younger pa- 
tients and proportional changes in alpha 
and beta-lipoproteins in the older patients. 
Sachs and his associates®> administered 25 
to 75 mg. of 17-ENT daily intramuscularly 
to 10 patients for 30 to 35 days. They 
found a significant increase in serum alpha- 
2 and beta globulins in 9 of 10 subjects. In 
8, there was an accompanying increase in 
beta-lipoproteins and, in 4 of these, an in- 
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crease in the levels of chemically deter- 
mined serum lipids was also noted. These 
effects were found to be evident as early 
as 3 days after the beginning of the admin- 
istration of the steroid. There was no break- 
down of these patients according to age 
groups. 


Clinical application 


Many observations on the clinical use of 
17-ENT may be found in the literature. 
The following are only representative of 
the main therapeutic areas in which 17- 
ENT has been found to be efficacious. 

Since, despite its obvious disadvantages, 
testosterone found wide application in the 
therapy of healthy underweight as well as 
debilitated individuals, it was natural that 
hopes were high when 17-ENT made its 
appearance, especially since it was felt at 
first that this preparation truly divorced 
its anabolic effects from its androgenic po- 
tential. In a 6 month, double blind evalua- 
tion®® of the drug in 54 underweight sub- 
jects (including patients with chronic dis- 
eases), the mean weight increase of the 
patients on either 25 or 50 mg. daily was 
9 pounds. These data are in contrast to the 
results obtained with patients on placebo 
therapy, in whom no significant weight in- 
crease was obtained under similar experi- 
mental conditions. After cessation of ther- 
apy, 25 subjects were observed for another 
6 months and 19 of these either maintained 
their weight or continued to gain. 

In a British study,** 4 elderly under- 
weight males showed a significant weight 
increase associated with nitrogen retention 
while on 17-ENT. The total and extracel- 
lular body water was measured and the 
results supported the fact that weight in- 
crease was not due to fluid retention but to 
an increase in lean body mass. 

In a study of 38 patients*® ranging in age 
from 2 to 58 years, both underweight nor- 
mal subjects and patients with gonadal or 
pituitary failure, a dose level of 0.5 mg. 
per kilogram caused frequent androgen- 
icity in the hypogonadal or prepubertal 
male. On 20 to 30 mg. per day, over an 
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average of 8.6 weeks, 29 gained an average 
of 5.39 pounds, 8 lost an average of 3.73 
pounds, and one showed no weight change. 
Parenthetically, because of. its progesta- 
tional activity, the drug produced men- 
strual irregularities in underweight females 
with regular menses. 

Spencer and collaborators®* evaluated 
the effects of a daily 50 mg. intramuscular 
dose of 17-ENT. They noted a significant 
decrease in urinary nitrogen, phosphorus, 
and potassium excretion as well as a posi- 
tive metabolic balance of these constituents 
with an accompanying gain in weight. 
There was no significant retention of salt 
or water and the anabolic effect lasted for 
a few days after cessation of therapy. 

The use of 17-ENT in underweight chil- 
dren has resulted frequently in weight in- 
creases.*?°® The effect on skeletal matura- 
tion has been of some concern as it was in 
the case of testosterone. In Bayer’s study,*® 
4 boys ranging in age from 12 years to 16 
years, 3 months, and one girl, 13 years, 11 
months, were studied. All were short and 
all but one boy were retarded in skeletal 
and sexual maturation. The patients were 
given 10 mg. of 17-ENT daily for 6 months. 
The results indicated that the secondary 
sexual characteristics had matured in all 
but the youngest boy. There was no dis- 
proportion of sexual characteristics and no 
masculinization of the female. It was found 
that the skeletal maturation had kept pace 
with the anticipated changes due to age 
alone while the girl’s skeletal age had ad- 
vanced more than that expected merely 
from maturation alone. In another study, 6 
children with retarded growth were given 
a dose of 0.5 mg. per kilogram daily for a 
period of 6 months. An average height in- 
crease of 5.1 cm. was noted in the girls 
and 5.2 cm. in the boys, whereas previous 
6 month measurements had shown only 
1.9 cm. and 1.8 cm. increases, respectively. 
In further studies‘? in these children, no 
evidence of acceleration of skeletal matura- 
tion was seen after 13 months. Comparable 
effects have been noted by our group*; 
the administration of different doses of 17- 
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ENT caused significant increases in height, 
without any significant effect upon accel- 
eration of skeletal maturation of children 
with diminished stature including two pa- 
tients with gonadal dysgenesis. 

In summary, although the available liter- 
ature would suggest that acceleration of 
skeletal maturation is an infrequent side 
effect of 17-ENT therapy, further long-term 
studies are necessary to support these pre- 
liminary impressions. At present, the evi- 
dence appears to be in favor of the fact 
that despite its growth-enhancing effect 
epiphyseal closure is uncommon with 17- 
ENT when modest doses are employed. 

The anabolic 19-norsteroids have been 
used in the treatment of acute and chronic 
renal failure. The rationale for their use in 
such patients is based on the concept that 
the anabolic steroids would diminish the 
catabolic breakdown of tissue, therefore 
requiring less work of the kidney for the 
elimination of such end products. In addi- 
tion, it was felt that this steroid would have 
some renotrophic effect similar to that re- 
ported with testosterone.® In 10 cases of 
severe chronic renal failure,®* there was an 
increase in appetite, gain in body weight, 
and improvement in the clinical condition 
on 50 to 100 mg. of 17-ENT daily by mouth 
or on nandrolone phenpropionate, 50 mg. 
intramuscularly per week. During treat- 
ment, not only was there no increase in 
urea nitrogen but, at times, there appeared 
to be a profound decrease. No specific lab- 
oratory data are given. Six of 15 patients 
in the acute renal failure group® were ob- 
stetric patients. In these, there was a dis- 
tinct suppression of urea production with 
relatively little effect in the nonobstetric 
group or in the controls on low-protein 
diets. 

17-ENT has been used in the postgas- 
trectomy state*t where it was found that, 
in 10 of 13 cases, administration caused a 
weight increase of from 2 to 11 pounds. 
This is not uniformly true in all cases, how- 
ever, and “it would appear .. . that 17- 
ENT can induce a weight gain in patients 
with nutritional problems following partial 
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gastrectomy in a majority of instances but 
exceptions are noted even when malabsorp- 
tion is absent.”4* The use of 17-ENT in 
daily intramuscular doses of 25 and 50 mg. 
in patients subjected to major pelvic sur- 
gery was followed by a positive nitrogen 
balance as compared to a consistently nega- 
tive balance in patients on placebo. The 
authors stated that similar results were 
achieved with 17-ENT in patients with 
major fractures. Reversal of otherwise nega- 
tive nitrogen balance accompanied admin- 
istration of the steroid. 

17-ENT has been employed in 2 patients 
with Fanconi’s syndrome who were given 
10 to 20 mg. a day for 8% months. Sustained 
gains in height and weight were noticed as 
well as a decrease in the cystinuria to 
normal values.®* Clinically, these patients 
showed temporary but definite signs of in- 
creased strength and interest in their sur- 
roundings. This was in contrast to their 
previous lethargic state. 

The evidence for the effect of 17-ENT 
on calcium retention is conflicting. There 
are reports*? of amelioration of pain, in- 
creased sense of well being and weight 
gain in patients with osteoporosis without 
evidence of significant x-ray changes. 
However, these effects may be due to the 
anabolic activity of the drug and not to 
specific metabolic activity or anabolic ef- 
fects that could be accomplished without 
obvious changes in x-ray findings. 

17-ENT has been found to cause disturb- 
ance of liver function in a significant num- 
ber of cases. In one study,®* abnormal BSP 
retention was found in 74 per cent of 47 
patients who had received 17-ENT for un- 
derweight. Other liver function studies 
were normal in all but 2 of these cases, 
which showed slight but reversible increase 
in bilirubin and alkaline phosphatase. A 
short-term study in 10 patients indicated 
that 25 mg. daily of 17-ENT would result 
in BSP and SGOT abnormalities within 2 
to 3 weeks while a 50 mg. dose per day re- 
sulted in comparable abnormalities after 
only one week of therapy. The authors 
postulate that 17-ENT inhibits the transfer 
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of BSP into bile. Although BSP retention 
appears to be by far the most common 
hepatic abnormality associated with 17- 
ENT administration (with no evident clin- 
ical manifestations ), jaundice has also been 
reported.**:* This is probably due to cho- 
lestasis®* and is associated with some eleva- 
tion of alkaline phosphatase as well as the 
presence of bile and urobilinogen in the 
urine. Interestingly enough, 17-ENT has 
brought about an elevation of SGOT in pa- 
tients with (as well as without) jaundice.® 


Nandrolone phenpropionate (NPP) 


This is the phenyl propionate ester of 19- 
nortestosterone, the ester replacing the 
beta-OH group at the 17 C atom. The beta 
substitution is said to have an advantage 
over the alpha substitution as far as liver 
complications are concerned in the sense 
that both 17-ENT and MT can cause 
jaundice.*® NPP has been reported to cause 
questionable BSP retention in only one 
case.7° However, one must admit that con- 
trol studies with this agent, in adequate 
doses, are still lacking. 

Experimental aspects. A daily dose of 200 
mg. given for 7 days to 50 gram castrated 
male rats induced active stimulation of the 
levator ani muscle and relatively little ac- 
tivity as far as seminal vesicle weight was 
concerned. There was some associated 
atrophy of the adrenals and thymus. NPP 
appears to have a hysterotrophic effect, 
which is apparently direct since it also oc- 
curs in castrated animals. This parenteral 
steroid will also induce some atrophy of 
the ovaries of the rat, probably by virtue 
of the gonadotrophic hormone inhibiting 
effect of the steroid. NPP also has a reno- 
trophic effect which is less pronounced 
than that of testosterone. NPP nullifies, to 
a certain extent, the weight loss noted in 
hydrocortisone-treated rats.“ In the ther- 
apy of young male rats with cortisone, 
adrenal atrophy was observed as well as 
marked weight loss. When comparable 
doses of cortisone were used in conjunc- 
tion with NPP, less adrenal atrophy and 
body weight loss were noted.”? 
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Clinical applications. NPP appears to be 
as potent an anabolic agent as 17-ENT but 
has the advantage of being longer acting 
in that one injection of 25 to 50 mg. per 
week results in demonstrable effects dur- 
ing this period of time. In one study, the 
effects of parenteral NPP were found to 
last for 15 days.*! In 48 cases of postmeno- 
pausal women on a routine diet, a weekly 
50 mg. injection of NPP caused a signifi- 
cant weight increase in the treated groups 
while no weight increase was noted in the 
control groups. The largest weight increase 
was reported in the patients undergoing 
therapy for the longest period of time (12 
weeks ).*° In the same study, 25 mg. of NPP 
given intramuscularly every 5 days (which 
is more frequent than is usually recom- 
mended) caused menstrual irregularities 
and amenorrhea. This no doubt was due to 
gonadotrophic hormone inhibition by the 
steroid. There are no data to support this 
hypothesis, however. For an undisclosed 
number of times per week, 5 mg. of NPP 
caused a weight gain in underweight chil- 
dren, but the response achieved appeared 
to be somewhat inferior to that noted with 
25 mg. of testosterone.“ 

The virilizing effects of NPP appear to 
be slight,“ but doses in excess of 100 mg. 
weekly have caused increased frequency of 
erection, lengthening of the penis, and en- 
largement of the clitoris.“* This is in agree- 
ment with the usual experience with the 
norsteroids in that, if doses are high 
enough, virilization would be expected. 

NPP evidently may cause fluid retention, 
doses of 25 mg. every 3 days having caused 
edema.” In contrast, Johnson”? states, as a 
result of body water studies, that, if any- 
thing, 50 mg. of NPP per week causes a 
decrease in body water. 

In the treatment of osteoporosis, NPP 
appears to have the same effect as the 
other 19 norsteroids—that is, palliation with 
variable effects on calcium excretion. 
Nowakowski and Parada‘® found calcium 
and nitrogen retention in patients treated 
with NPP for the osteoporosis of Cush- 
ing’s syndrome. No significant retention 
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was found in idiopathic osteoporosis des- 
pite striking clinical improvement. In a 
study on the effect of NPP on osteoporosis, 
25 mg. of the steroid was given every one 
to 2 weeks to 18 patients. On this regime, 
10 patients had complete relief from pain 
and 6 had approximately 75 per cent im- 
provement.*® No calcium balance studies 
were included in this paper. In patients 
with metastases to bone from breast carci- 
noma,’ it was found that administration 
of NPP resulted in a marked decrease in 
calcium excretion with a positive nitrogen 
balance. 

NPP, like 17-ENT, in doses of 50 mg. 
weekly, was found to decrease the levels 
of nitrogenous waste products of the serum 
in patients with uremia as well as to in- 
crease body weight. 

In our experience with 2 hypogonadal 
male patients on 50 mg. of NPP 3 times 
weekly, we noted a decrease in 17-ketoste- 
roid excretion without alteration in the 17- 
hydroxycorticoid levels, while the gonado- 
trophic hormone titer was diminished. 


Methylandrostenediol (MAD) 


Experimental. The response of the pa- 
tient or animal to MAD is dependent upon 
the route of administration which is em- 
ployed. Orally, in animal experiments, it 
has been found to exhibit some androgenic 
activity as well as a capacity to inhibit the 
growth of certain experimental tumors.** 
Its anabolic effect, however, has been 
found to be more marked by parenteral 
than by oral administration. A review of 
the data‘® suggests that oral MAD is 0.4 
to 1.0 times as active as oral MT as an an- 
drogen; parenteral administration reveals a 
much less marked androgenic effect, MAD 
being 0.02 (in the capon) and 0.3 (in the 
rat) times as active as testosterone. 

Spermatogenesis has been maintained in 
hypophysectomized rats with a dose of 2 
mg. of MAD per day.*$ 

As far as the anabolic effect is concerned, 
balance studies in castrate dogs on aver- 
age intramuscular doses of 6 mg. daily 
have shown nitrogen retention. Daily oral 
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doses of 200 mg. did not lead to nitrogen 
retention.‘® 

By use of the levator ani as , tech- 
nique, MAD was found to be a potent 
myotrophic agent in a dose of 1 mg. per 
kilogram given subcutaneously. In_ this 
study, androgenic properties were found 
only at the very high doses of 50 mg. per 
kilogram.*®:*° 

Male and female rats, 3% months old, on 
0.3 to 0.5 mg. of MAD, administered daily 
by subcutaneous injection for 20 to 28 days, 
showed distinct and definite weight gains. 
After the cessation of therapy, chemical 
analysis of the whole rat showed a gain of 
protein and water and a loss of fat as a 
result of MAD administration. These 
changes are interpreted by the authors as 
evidence for tissue growth.*! On the other 
hand, levator ani assays done by Hersh- 
berger®? suggested that MAD had only 5 
per cent of the anabolic potency of TP 
with no separation of anabolic and andro- 
genic activities. Also working with cas- 
trated rats, Saunders and Drill®® found 
that, when compared to TP, MAD was only 
5 per cent as potent in increasing the leva- 
tor ani weight by 50 per cent. The ana- 
bolic:androgenic ratio was found to be 
only 1.58 (that of TP being 1), suggesting 
relatively little separation in anabolic:an- 
drogenic effects. 

MAD can produce a syndrome of 
nephrosclerosis, periarteritis, and myocar- 
ditis in unilaterally nephrectomized rats 
maintained on high-salt intake.** To the 
reviewers knowledge, no clinical counter- 
parts of these experiments have been 
reported. 

Prevention of adrenal atrophy caused by 
cortisone administration has been reported 
with the use of MAD.** Yet there was no 
evidence that MAD could alter the re- 
sponse of the patient with the adrenogen- 
ital syndrome to cortisone.**4 
- Parenteral MAD has been reported to 
have a renotrophic effect in mice.** 

Clinical data. MAD has been estimated 
to have approximately one-fifth the protein 
anabolic activity of testosterone.** In one 
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series of hospitalized patients,*° who re- 
ceived a total of from 26 to 80 Gm. MAD 
orally and/or parenterally, there was reten- 
tion of nitrogen and the protein catabolic 
effect of ACTH was counteracted. There 
was no notable effect of MAD on serum 
calcium and phosphorus in 4 patients with 
carcinoma of the breast. However, an addi- 
tional patient developed hypercalcemia, an 
occurrence which might well have been 
caused by the natural history of the dis- 
ease. Except for moderate hirsutism there 
was no evidence of virilization. 

McSwiney and Prunty*® found that oral 
doses of 50 and 200 mg. of MAD per day 
produced no consistent effects. However, 
400 mg. per day by mouth or 200 mg. per 
day intramuscularly caused nitrogen reten- 
tion. Compared to the significant nitrogen 
retention caused by 25 mg. of TP and MT 
per day, equivalent doses of MAD were 
found to induce a much smaller measure of 
nitrogen retention. The level of retention, 
however, is so small that these data may 
well be within the range of error (76 mg. 
per kilogram per day compared to less than 
26 mg. per kilogram per day ).”? 

MAD has been used in underdeveloped 
children.** In 15 patients aged 2 months to 
7 years, 1.5 to 3 mg. of MAD per kilogram 
of body weight was given intramuscularly 
two to three times weekly with 5 to 6 mg. 
per kilogram given on three occasions. In 
all cases, after several injections, increases 
in height and weight were noted. These 
changes exceeded what was expected from 
normal children of this age. At times, dif- 
ferences between control and treated 
groups were minimal. Weight increases vir- 
tually ceased when therapy was stopped, 
but recurred when MAD was resumed. No 
data on skeletal maturation were given. If 
doses were increased to 5 mg. per kilogram 
or medication was given more frequently 
than twice weekly, undesirable side effects, 
such as sterile abscesses and enlargement 
of the clitoris as well as growth of pubic 
hair, were noted. Doses of 1.5 mg. per kilo- 
gram twice weekly were found to be safe 
and effective means of treatment, however. 
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Infants have been treated with MAD 
with a resultant decrease in blood amino 
acids. This is thought to be due to the pro- 
tein anabolic effect of the steroid.** 

Creatinuria, as in MT therapy, has been 
found to be very marked on MAD,*® but 
no data on creatinuria after cessation of 
therapy are given. 

Thirty-three patients with osteoporosis 
were treated with a daily buccal dose of 25 
mg. of MAD. They were observed for an 
average of 18 months. Satisfactory relief of 
pain was observed in 27 patients and a 
poor response was seen in 6 patients. No 
calcium balance studies were reported.*® 
These data are in agreement with the ex- 
periences previously described in the use 
of testosterone and the 19-norsteroids in 
osteoporosis. 

In a study on a young man on 100 mg. 
of cortisone daily for severe ankylosing 
spondylitis, administration of 100 mg. of 
MAD daily resulted in decreased urinary 
and fecal calcium and in a positive calcium 
balance.®° 

It is definitely known that the androgenic 
steroids are beneficial in the therapy of 
osteoporosis. Correlation between calcium 
metabolism and clinical improvement in pa- 
tients treated with the norsteroids and 
MAD requires further investigation. The 
effect of testosterone on calcium metabo- 
lism has already been discussed. 


Estrogen 


Experimental aspects. Including estrogen 
among the anabolic drugs is warranted on 
the basis of its highly potent selective 
growth stimulus for the breasts, uterus, and 
lower femal genital tract. Estrogen is also 
well known as a potent inhibitor of pituitary 
gonadotrophin. Indeed, in high doses, it 
may inhibit all modalities of pituitary func- 
tion. The latter was demonstrated by Zon- 
dek®! in the cock, where doses up to 25,000 
I.U. of estradiolbenzoate twice weekly in- 
hibited only gonadotrophic function, while 
larger doses of 50,000 I.U. twice weekly not 
only inhibited gonadotrophic secretion but 
also induced a distinct retardation of 
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growth which became accentuated as treat- 
ment progressed. This differential sensitiv- 
ity of the pituitary to large doses of estrogen 
has also been demonstrated in the rat.*! 

Castration in animals may lead to appar- 
ently paradoxical weight increase. This, 
however, is not due to protein anabolism 
but merely to fat deposition. 

The anabolic effects of estrogen on the 
protein matrix of skin and bone are less 
well known and merit brief discussion. 
Goldzieher and associates" performed se- 
rial studies on the effects of topical steroids 
on the skin of 27 elderly patients. They 
found that administration of estrogen 
caused proliferation of the epidermis, pro- 
gressive development of the rete pegs and 
papillae, and an increase in the prolifera- 
tion of keratohyalin granules, as well as 
new formation of elastic fibrils and in- 
creased vascularization of the cutis. In- 
terestingly enough, high doses did not 
increase this effect and prolonged adminis- 
tration led, in some cases, to skin atrophy. 

Reifenstein and Albright®* have demon- 
strated that urinary nitrogen excretion 
undergoes a poorly sustained decrease dur- 
ing estrogen therapy. Eleven cases of osteo- 
porosis, including 3 secondary to Cushing’s 
syndrome, were treated with estrogens. De- 
creased calcium and phosphorus excretion 
was noted and it was further observed that 
the above effect on calcium metabolism 
was greater with a combination of estro- 
gens and androgens than with either one 
alone in postmenopausal and senile osteo- 
porosis. Henneman and Wallach®* found 
that estrogen therapy caused significant 
calcium retention in the female; the same 
occurred with MT in the male. In their 
series of 200 postmenopausal women 
treated for osteoporosis for 1 to 20 years 
with estrogen, the process of the osteoporo- 
sis was arrested in nearly all instances. In 
postmenopausal osteoporosis, Perloff and 
co-workers®** have found that relief of bone 
pain and reversal of negative calcium bal- 
ance may be achieved within 4 to 6 weeks 
by 1.5 mg. of piperazine estrone sulfate 
and 5 mg. of MT daily. The effect of with- 
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drawal of estrogen on 2 oophorectomized 
subjects and of oophorectomy on one sub- 
ject was investigated. A slight increase in 
nitrogen excretion was noted as well as 
accentuation of the negative. calcium bal- 
ance.®® Estrogen has also been found useful 
in the therapy of Paget’s disease and in the 
prevention of vertebral fractures secondary 
to corticosteroid administration.®® 

The balance studies of Whedon and 
Shorr®? show that alpha estradiol benzoate 
in the dose of 10,000 to 20,000 units daily 
actually caused an average daily nitrogen 
loss of 0.78 Gm. in patients convalescing 
from paralytic poliomyelitis. The pattern 
of creatinuria and increase in urinary gly- 
cocyamine while the patients were on this 
estrogen suggested that this steroid causes 
an increase in the synthesis of creatine but 
not in its storage. This is in contrast to TP, 
which probably does both. In the estrogen 
study,®* a slight but definite increase in 
urinarly calcium was noted, a fact which is 
at variance with the results of other balance 
studies.®?-93,95 
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The effects of narcotics and antagonists 


upon respiration and circulation in man 


A review 


The respiratory response of normal man to therapeutic doses of narcotics is a diminution 


in alveolar ventilation primarily as a result of a decrease in tidal exchange. The 


alterations in respiratory rate and in alveolar ventilation in the subject 


breathing room air may be so subtle as to escape detection. A more reliable index 


of respiratory action of narcotics can be gained from a measurement of alveolar 


and arterial carbon dioxide tension. As the dose of narcotic is increased, the decrease in 


pulmonary exchange becomes greater. While a depression of the respiratory center 


sensitivity to carbon dioxide or hydrogen ion stimuli appears to be the principal cause of 


the diminished alveolar exchange from narcotics, it is probably not the only one. 


The action of narcotics upon respiration is antagonized by pain and by nalorphine and 


levallorphan, although the latter drugs resemble narcotics in their effects if given 


to nonnarcotized patients. Mixtures of narcotics and antagonists given to normal 


subjects depress respiration as much as, or slightly less than, the narcotic 


alone. However, mixtures injected in patients who have had a narcotic may fail to cause 


respiratory depression. The respiratory effect of narcotics is enhanced by pulmonary 


disease, old age, chest deformities, general anesthetics, and phenothiazine drugs. 


The principal effect of narcotics upon the circulation seems to be hypotension. This is 


caused by vasodilation and peripheral pooling of blood. It is partly explained by a release 


of histamine and in part by undefined central effects. The combination of narcotic 


with an antagonist may not be effective prophylaxis for hypotension from the narcotic. 


James E. Eckenhoff, M.D., and Steffen R. Oech, M.D. Philadelphia, Pa. 
Department of Anesthesiology, University of Pennsylvania Schools of Medicine 


This review has been prepared in an ef- 
fort to summarize, correlate, and interpret 
the available data concerning the actions 
of narcotics and the narcotic antagonists 
on respiration and circulation in man. The 
number of papers concerning this topic is 
extraordinarily large. On the other hand, 


those reports that permit accurate inter- 
pretation are surprisingly few. Most of the 
articles summarize clinical experiences with 
a new proprietary narcotic, usually claim- 
ing good analgesic effectiveness with min- 
imal side reactions. Such studies commonly 
have no standard of comparison, few are 
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objective, and rarely are they critical. Re- 
view of such reports would serve little 
purpose. Nor will an attempt be made to 
survey the literature prior to 1941 except 
in those instances where earlier work is 
appropriate to the discussion. An analysis 
of the actions of narcotics including nearly 
ten thousand references was published by 
Kreuger, Eddy, and Sumwalt!** in 1941. 
Eddy, Halbach, and Braenden®* have sum- 
marized the actions of the synthetic nar- 
cotics in 1956, and Schaumann?°* and 
Reynolds and Randall'®® have compiled vol- 
umes on morphine and morphine-like syn- 
thetics in 1957. 

Throughout this review, no attempt will 
be made to compare the respiratory and 
circulatory depressant effects of different 
narcotics except where authors themselves 
have done this. The reasons are twofold: 
First, all narcotics of clinical value as an- 
algesics are respiratory depressants and 
may be vasodepressor as well. Although the 
degree of depression may vary from one 
drug to another, the degree of depression 
is dependent upon the dose used, the route 
and speed of injection, and the condition 
of the subject or patient to whom the drug 
is given. Second, there are too few compara- 
tive studies and the ones published com- 
pare only several drugs. There seems little 
validity in assembling facts and figures 
from the effect of narcotics on respiration 
when differing doses have been given by 
variable routes to normal and ill subjects 
and with different parameters measured. 
This is not to say that one cannot contrast 
narcotics in this respect but rather that a 
valid relative scale is not obtainable at this 
time. Eddy, Halbach, and Braenden*® have 
compared the respiratory effects of nar- 
cotics available through 1956 but only in 
so far as they are greater or less than mor- 
phine or codeine. However, when possible 
morphine and meperidine will be con- 
trasted since they may be considered proto- 
types of two structurally different drugs 
and because the comparative side effects 
of the two groups do not seem clear in the 
minds of clinicians. 


Clinical Pharmacology 
and Therapeutics 


Respiration 


How should data concerning the respira- 
tory effects of narcotics in man be recorded 
to be most meaningful? Familiarity with 
the variety of factors involved in the con- 
trol of respiration is a prerequisite. As 
Slome?® has pointed out: “. . . the rate, 
rhythm, and depth of breathing may be 
modified from the higher centers in the 
brain, by reflex afferents from the respira- 
tory tract, cardiovascular system, abdom- 
inal and pelvic viscera, skeletal muscle and 
joints, and organs of special sense and in- 
deed from most organs and tissues of the 
body. Thus the activity of the central re- 
spiratory mechanism is affected by afferent 
impulses which enter the central nervous 
system along all the sensory cranial nerves 
and the spinal nerves as well as by the af- 
ferents from supramedullary levels—thal- 
amic and hypothalamic nuclei—and from 
respiratory areas of the cerebral cortex. 

“Some of these reflex effects are operat- 
ing continously and are concerned with the 
maintenance of the normal rhythm of auto- 
matic respiration; others are employed in 
the correlation of the pulmonary ventila- 
tion to the ever-changing metabolic needs 
of the body for adequate oxygen supplies 
and for the effective elimination of carbon 
dioxide. Certain of these reflexes adjust the 
respiratory rhythm to changes in venous 
pressure and arterial blood pressure and 
others to changes in body temperature. 
Some form part of the intricate mechanism 
ensuring increased pulmonary ventilation 
when muscles are exercised, yet others 
seem to modify the pulmonary ventilation 
to maintain the constancy of the reaction 
of the blood and tissue fluid. 

“It must be emphasized that normally 
these reflex effects are all integrated and 
that the activity of the respiratory center 
is determined by the sum of all the nervous 
and chemical factors, some excitatory and 
some inhibitory, which play upon the cen- 
ter. In this way the rate and rhythm of 
respiration, though under occasional vol- 
untary modification, is continuously ad- 
justed reflexly to subserve a large number 
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of varied and important functions in the 
maintenance of the constancy of the in- 
ternal environment of the body.” 

Any study in man of the influence of nar- 
cotics on respiration is therefore applicable 
only to the circumstances under which the 
measurements were made. Data obtained 
from an apprehensive, physically tired, ill, 
anesthetized, or structurally abnormal in- 
dividual as well as one in pain must be in- 
terpreted in light of the subject’s mental 
and physical condition. Influences such as 
these may account in part for the variable 
incidence of side actions to narcotics which 
has been reported. Keats and Beecher!* 
have appraised the situation as follows: 
“The data presented reflect the enormous 
individual variation in response to narcot- 
ics. Not only were there large differences 
between individuals in response to the same 
drug but also the severity of different side 
actions varied in single subjects. The im- 
portance of rigid controls and sound ex- 
perimental design in such studies is obvious. 
It emphasizes the difficulties if not the 
impossibility of collecting side action data 
on hospitalized patients where such con- 
trols usually cannot be applied.” 

Assessment of respiratory depression has 
been attempted under a variety of condi- 
tions and by differing criteria. The most 
common method was to measure the re- 
sponse of respiratory rate, with or without 
respiratory minute volume, in patients 
given narcotics for the relief of pain or in 
those scheduled for operation. Others have 
obtained the same data from pain-free con- 
valescent patients or normal volunteers. In- 
formation recorded by measuring these 
parameters only is inadequate and may be 
misleading. More definitive data have been 
accumulated by measuring tidal volume as 
well as rate and minute volume, by analyz- 
ing end-expiratory air for carbon dioxide 
content, and by challenging respiration 
through having the subject inhale mixtures 
of carbon dioxide. For this purpose car- 
bon dioxide has been inhaled as a single 
standard concentration for a predetermined 
period of time, by the inhalation of several 


Effects of narcotics on respiration and circulation 485 


concentrations of carbon dioxide to provide 
a spectrum of response, or by the endoge- 
nous accumulation of carbon dioxide in a 
circle rebreathing system. These techniques 
have been refined by Lambertsen and 
Wendel!*? to one of stimulating respiration 
at the same end-expiratory carbon dioxide 
tension before and after administration of 
the test drugs rather than by the inhalation 
of known or unknown concentrations of car- 
bon dioxide. The application of the carbon 
dioxide stimulating test has yielded consid- 
erable information. 

It appears reasonable to conclude, there- 
fore, if comparative tests are to be made, 
the most reliable respiratory studies of drug 
action are obtained in normal man, free of 
pain and apprehension, isolated from ex- 
traneous interference, and subjected to as 
rigid control as possible. Data accumulated 
under other circumstances must be con- 
sidered supplemental and not substitutive 
information. Minimal information recorded 
should include respiratory rate, tidal and 
minute volumes, alveolar Pco,, and respira- 
tory response to a carbon dioxide stimulus. 

Narcotics characteristically lead to a 
diminution in alveolar ventilation. This 
could be accomplished by a reduction in 
respiratory rate, in tidal volume, in minute 
volume, or by an increase in anatomic or 
physiologic dead space. 

Respiratory rate. The classical effect of 
large doses of narcotics is to reduce respira- 
tory rate. This occurs with meperidine as 
well as with morphine. The slow, deep res- 
pirations of narcotic overdosage are so 
characteristic as to be of differential diag- 
nostic value in establishing the etiology of 
poisoning. Therapeutic doses of narcotics 
do not always cause slowing of respiratory 
rate. Dripps and Comroe*® gave 10 or 15 
mg. of morphine intravenously to 26 sub- 
jects between the ages of 19 and 88 and 
noted a 22 per cent average maximal reduc- 
tion in rate within 7.4 minutes. The rate 
gradually increased and by 20 minutes was 
only 4 per cent below control levels. Com- 
paring this group with another 23 subjects 
given 10 to 20 mg. of morphine intramus- 
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cularly, they observed an average of 3 per 
cent depression in rate in 3 to 7 minutes 
increasing to 12 per cent in 26 to 30 min- 
utes. Denton and Beecher*® also saw a 
slight but statistically significant decline in 
respiratory rate in one series of patients ex- 
periencing pain and another of normal vol- 
unteers given morphine (10 mg. per 150 
pounds) and two methadone derivatives. 
Loeschke and associates!*® gave saline, 
morphine (10 mg.), and meperidine* (150 
mg.) intramuscularly to normal subjects 
and did not observe a slowing of respira- 
tory rate when the subjects breathed room 
air. When breathing was stimulated with 
carbon dioxide a statistically significant dif- 
ference from control value was apparent 
only in the subjects given meperidine. In a 
study of the effects of seven different nar- 
cotics given in therapeutic doses,*! a de- 
pression of respiratory rate was observed in 
only 6 of 21 normal subjects, there was no 
change or an equivocal change in 11, and 
the rate increased in 4. Morphine did not 
lower the rate in any of 4 subjects to whom 
it was given. Orkin, Egge, and Roven- 
stine’™* noted that 10 mg. morphine intra- 
venously in patients scheduled for opera- 
tion produced a 10 to 15 per cent slowing 
of respiratory rate in 5 minutes with a per- 
sistence at this level for 20 minutes and a 
return toward normal in the next 20 min- 
utes. Meperidine, 100 mg. intravenously, 
produced a sustained increased in rate of 
10 to 15 per cent. Huggins and co-work- 
ers!'? gave morphine intravenously in 15 
mg. increments (time interval not stated) 
to convalescent patients and noted, “Mor- 
phine up to 60 mg. produced little change 
in the average respiratory rate.” 

These data suggest that the effects of 
therapeutic doses of narcotics on respira- 
tory rate is not marked if the drugs are 
administered subcutaneously or intramus- 
cularly. If the drugs are given intrave- 
nously, depression of respiratory rate may 
occur, reaching a maximum shortly after 


*Demerol. 


Clinical Pharmacology 
and Therapeutics 


injection and returning toward control lev- 
els fairly rapidly. There is thus little sup- 
port for the common clinical practice of 
observing a patient's respiratory rate as an 
index of when additional doses of narcotics 
can safely be given. 
Tidal and minute volume. Data on the 
effect of narcotics upon respiratory tidal 
volume and minute volume are likewise not 
uniform unless the subject’s breathing has 
been stimulated by the inhalation of car- 
bon dioxide. With therapeutic doses of 
narcotics and with subjects breathing room 
air, 100 per cent oxygen, or a combination 
of nitrogen with greater than 20 per cent 
oxygen, a slight diminution in tidal and 
minute volume has generally been ob- 
served. Loeschke and associates,14* Hug- 
gins and co-workers, Dripps and Com- 
roe,*® and Eckenhoff and associates*! noted 
a decrease in both measurements with 
intravenous or intramuscular doses _ of 
morphine up to 20 mg. Orkin, Egge and 
Rovenstine'”® recorded a suprisingly small 
change in tidal volume except for a tran- 
sient reduction lasting less than 10 minutes 
with the intravenous injection of 10 mg. 
morphine in patients immediately prior to 
operation. They noted, however, a persist- 
ent decrease with alphaprodine* and mep- 
eridine, most marked with 100 mg. of the 
latter drug. Huggins and associates! re- 
corded a progressive and marked reduction 
in minute volume as increments of 15 mg. 
of morphine (time interval not stated) in- 
creased the total dose to 90 mg. The de- 
pression in tidal volume, however, seemed 
to reach a plateau after 30 mg. morphine. 
The diminution in tidal volume from a 
therapeutic dose of narcotics is therefore 
not of great magnitude in the normal indi- 
vidual breathing oxygen or room air and 
in fact may be sufficiently small to be over- 
looked. Having the subject breathe various 
concentrations of carbon dioxide increases 
the likelihood of detecting narcotic-induced 
respiratory depression. This is not a new 
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thought, having been first applied to the 
study of narcotics in 1890 by Loewy.!4*149 
From a clinical point of view, the test 
mimics the circumstances of increased ar- 
terial tensions of carbon dioxide such as 
occur during respiratory depression, as- 
phyxia, and respiratory obstruction. 
Prescott, Ransom, Thorp, and Wilson!** 
have used only the response to the inhala- 
tion of carbon dioxide as an index of com- 
parison of the respiratory depressant effects 
of narcotics in normal volunteers. The sub- 
jects breathed 5 per cent carbon dioxide 
in oxygen for 6 minutes and recordings 
were made every 30 minutes for 3% hours 
after the intramuscular injection of mor- 
phine 10 mg., meperidine 100 mg., or meth- 
adone 10 mg. Morphine depressed the res- 
piratory response to carbon dioxide to a 
maximum of 66 per cent of control read- 
ings, meperidine to a maximum of 59 per 
cent, and methadone to a maximum of 61 
per cent. At the end of 3% hours, the res- 
piratory response to carbon dioxide had 
returned to 91 per cent of control with all 
three drugs. Considering the depression of 
response caused by morphine as 1, that pro- 
duced by methadone was 0.93, and that 
from meperidine was 1.17, indicating that 
meperidine in the dose used was more de- 
pressant to respiration than was morphine. 
On the basis of both control respiratory 
studies as well as stimulation of respiration 
by 4 per cent and 6 per cent carbon dioxide, 
Loeschke, Sweel, Kough, and Lambert- 
sen'4® concluded: “. . . the dosage of me- 
peridine required to equal the respiratory 
depressant effects of 10 mg. morphine 
would have been about 75 mg., since the 
effects of 150 mg. of meperidine (used in 
the study) were about twice those of mor- 
phine.” Subsequently, Wendel and Lam- 
bertsen2** studied the action of 5, 10, and 
15 mg. morphine per 70 kilograms and 50 
and 100 mg. meperidine per 70 kilograms 
upon respiration in groups of 6 to 8 healthy 
men. The observations were made at a 
constant “alveolar” Pco, of 46 mm. Hg.'** 
They concluded: “Comparison of the two 
dose effect curves reveals that 25, 56, 82, 
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and 106 mg. meperidine hydrochloride are 
as depressant to respiration as 5, 10, 15, 
and 20 mg. morphine sulfate, respectively, 
indicating an average potency ratio of 5.4:1 
for morphine to meperidine. Since the anal- 
gesic potency of morphine is 8-10 times 
that for meperidine, the therapeutic index 
(respiratory depressant potency /analgesic 
potency) of meperidine is only about 0.6 
that of morphine, and in equi-analgesic 
doses meperidine depresses respiration 
about 1.3 times as much as morphine.” 

Eckenhoff, Helrich, Hege, and Jones®! 
have presented data from 21 normal vol- 
unteers given morphine 10 to 15 mg., dihy- 
dromorphinone 2 to 3 mg., meperidine 60 
to 125 mg., methadone 7.5 to 8 mg., alpha- 
prodine 45 to 60 mg., codeine 60 mg., and 
racemorphan* 5 to 7.5 mg. intramuscularly. 
Depression of the respiratory response to 
endogenously accumulated carbon dioxide 
was evident in all subjects. No attempt was 
made to average the observed depression 
nor to compare the effects of the different 
drugs. 

Becker, Nassr, and Schwab" recorded 
the effect of morphine 10 mg. and race- 
morphan 2 mg. intramuscularly in 6 and 5 
normal subjects, respectively. They ob- 
served little change in respiratory rate but 
saw a pronounced reduction in respiratory 
minute volume after morphine. The change 
with racemorphan was negligible until res- 
piration was stimulated with carbon diox- 
ide. A marked depression in minute volume 
became apparent with both drugs with this 
stimulus. The depression of respiration by 
morphine was statistically significantly 
greater than that for racemorphan. 

Eckenhoff, Helrich, and Rolph* using 
endogenously accumulated carbon dioxide 
in 5 normal subjects given 50 to 60 mg. 
dihydrocodeine intramuscularly concluded 
that the depression of respiratory response 
to carbon dioxide “was less than that ob- 
served in two subjects following the injec- 
tion of 60 mg. of codeine sulfate.” However, 
Seed, Wallenstein, Houde, and Bellville*°® 
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studied the effects of morphine and dihy- 
drocodeine on the respiratory response to 
carbon dioxide and compared the displace- 
ment of alveolar ventilation—alveolar Pco, 
response curves. They concluded that 77 
mg. dihydrocodeine was as depressant to 
respiration as was 10 mg. morphine. 

Chang, Safar, and Lasagna*? compared 
the respiratory depressant effect of anileri- 
dine* and meperidine. Stimulating respira- 
tion with 5 per cent mixtures of carbon 
dioxide, they could detect no difference be- 
tween the depression produced by 100 mg. 
meperidine and 60 mg. anileridine. Appre- 
ciably diminished response was apparent 
from both drugs, however. 

The duration of the respiratory depres- 
sant activity of narcotics does not appear 
to have been studied adequately. The re- 
sponse to a carbon dioxide stimulus would 
‘again seem to offer the best evidence of 
persistent depression. Prescott, Ransom, 
Thorp, and Wilson'** observed that in 3% 
hours, the respiratory response to carbon 
dioxide in normal volunteers had returned 
to about 91 per cent of normal after 10 mg. 
morphine, 100 mg. meperidine, or 10 mg. 
methadone intramuscularly. Eckenhoff, 
Helrich, Hege, and Jones® noted a depres- 
sion of respiratory response to carbon diox- 
ide exceeding 4 hours in normal subjects 
given 15 mg. morphine and methadone 8 
mg. intramuscularly. The diminution ex- 
ceeded 5 hours in subjects given 125 mg. 
meperidine and 3 mg. dihydromorphi- 
none.* Other side effects of narcotics such 
as nausea, lack of appetite, and dysphoria 
were noted to last long after the final re- 
cording of respiratory data. Keats, Telford, 
and Kurosu'! observed the depression of 
respiration from 40 mg. anileridine to last 
3 hours and from 100 mg. meperidine to 
exceed 4 hours. Lambertsen and Wendel!** 
recorded that respiratory depression, as 
judged from the carbon dioxide stimulus, 
from meperidine 100 mg. per 70 kilograms 
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intramuscularly in normal subjects, had de- 
clined to one half its maximal value in 4 
hours. The respiratory effect of 60 mg. co- 
deine has likewise been noted to exceed 4 
hours. Data from these sources indicate 
that respiratory depression from therapeutic 
doses of narcotics injected intramuscularly 
may exceed 4 to 5 hours. 

Pulmonary dead space. Few measure- 
ments of the influence of narcotics upon 
either anatomic or physiologic dead space 
have been made. Morphine is generally 
considered to be bronchoconstrictor al- 
though data to support such an effect in 
man are not extensive.”:1°8 If the drug has 
this effect, one should expect a diminution 
in anatomic dead space. Meperidine, on the 
other hand, is reputed to be bronchodila- 
tor’; therefore it should increase anatomic 
dead space. Here again confirmatory data 
from man are scanty. There are indeed sev- 
eral suggestions that meperidine is capable 
of producing bronchconstriction.*:16 Re- 
cent observations by Shemano, Wendel, 
and Katinsky?! indicate that, in the intact 
dog, meperidine injected intravenously in 
concentrations ranging from 0.5 mg. to 2.5 
mg. per kilogram produces bronchocon- 
striction. At the latter concentration, the 
constrictor effect was marked, was apparent 
in every dog in which the drug was in- 
jected, and was indistinguishable from that 
produced by morphine. Also of interest are 
the observations of Cooper and Lambert- 
sen** that Pco, elevations per se can in- 
crease the pulmonary dead space. Since the 
narcotics appear able to alter dead space 
and to lead to an increase in end-expiratory 
Pco,, it might be difficult to separate the 
individual effects. 

It is apparent that more data are re- 
quired to delineate the effect of narcotics 
upon bronchial caliber and pulmonary dead 
space. It is of note that in 1915 Higgins and 
Means!°§ wrote: “While most workers have 
made some allowance for change in respira- 
tion rate in interpreting an increased respir- 
atory volume, none seems to have consid- 
ered all the factors involved and their inter- 
relation. The possibilities of changes in the 
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gaseous metabolism and in the bronchial 
musculature seem to have been especially 
overlooked. . . . Any change in the tone of 
the bronchial musculature, leading to a 
change in volume of each respiration, as 
the result of a larger or smaller ‘dead 
space, may make considerable variation in 
a minute’s respiratory volume and is a 
factor which has been generally overlooked 
by investigators, a changed ventilation fol- 
lowing the administration of a drug hav- 
ing been usually attributed solely to action 
on the respiratory center.” Although there 
is currently an awareness of the possibil- 
ities of change in bronchial caliber influ- 
encing the study of the respiratory effects 
of narcotics,??° there have been few meas- 
urements of this parameter although the 
means to make such measurements are at 
hand. Since the response of alveolar Pco, 
is the same with both morphine and me- 
peridine, one suspects that an alteration in 
dead space is not a prominent feature of 
either or that whatever effects on dead 
space are produced by the drugs are negli- 
gible in contributing to the rise in alveolar 
Pco,. 

Elevation in alveolar Pco,. Narcotics 
usually lead to an elevation in end-expired 
Pco, and therefore in arterial Pco,. The 
increase parallels the degree of respiratory 
depression. Higgins and Means!°8 observed 
that in their subjects the elevation in Pco,, 
followed the onset of decreased pulmon- 
ary ventilation. Loeschke and associates!*® 
noted a mean rise of alveolar Pco, of 2.6 
mm. Hg following 10 mg. morphine in 6 
subjects and 3.9 mm. Hg rise in the same 
subjects when given 150 mg. meperidine. 
Eckenhoff, Helrich, Hege, and Jones*! re- 
corded a rise of 2 to 13 mm. Hg in end- 
expired Pco, in 21 normal subjects given 
a variety of narcotics. Becker, Nassr, and 
Schwab'* noted that alveolar Pco, rose 
from 38.7 + 0.9 to 40.4 + 0.3, 45 minutes 
. after the intramuscular injection of 10 mg. 
morphine while 2 mg. racemorphan in- 
creased the level from 38.0 + 1.76 to 40.3 
+ 0.77. Six subjects were studied in each 
group. Huggins, Spencer, Geddes, Deavers, 
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and Moyer! saw a slight decrease of Pco, 
with 15 mg. morphine followed by a pro- 
gressive rise of 20 per cent as increments 
of 15 mg. morphine were increased to a 
total of 90 mg. Eckenhoff, Helrich, and 
Rolph* observed 50 or 60 mg. dihydroco- 
deine intramuscularly to increase the end- 
expiratory Pco, 2 to 6 mm. Hg in 5 normal 
male subjects. Seed and associates” cal- 
culated that 5 mg. morphine subcutane- 
ously led to a 2.18 mm. Hg increase in 
alveolar Pco,, 10 mg. morphine to 4.85 mm. 
Hg rise, and dihydrocodeine 30 and 60 mg. 
to 2.10 and 3.47 mm. Hg rise, respectively. 
Mechanism of respiratory depression. 
The precise mechanism by which narcotics 
decrease minute and tidal exchange is not 
clear. Carbon dioxide tension or hydrogen 
ion concentration directly affects the res- 
piratory center and narcotics diminish the 
response of the center to the carbon diox- 
ide stimulus. Is this the only significant 
respiratory effect of narcotics? There are 
opinions that it is only one of several pos- 
sible mechanisms of action. Others that 
have been proposed include a diminished 
sensitivity to the reflex effects of sensory 
stimuli,**:!°3.11! by an action altering body 
metabolism,'*’ and by changes in the cor- 
tical response to carbon dioxide which in- 
directly influences respiration.*!47:15%.204.207 
An interference by narcotics with the cir- 
culation to or from the respiratory center 
might also explain part of the respiratory 
action but, as will be discussed, no signifi- 
cant direct effect of morphine on the cere- 
bral circulation has been found.'*!:'% 
While there are no precise definitions of 
these possible mechanisms, some of the data 
relative to them must be considered. 
Perhaps the part played by stretch and 
chemoreceptors has been studied most care- 
fully. Liljestrand,'** reviewing the neural 
control of respiration, concluded, “The pe- 
ripheral chemoreceptors . . . exert a cer- 
tain tonic reflexogenic stimulation on res- 
piration, so that a selective elimination of 
them causes a reduction in pulmonary ven- 
tilation. Thus the chemoreflex component 
is an essential factor in the finer adjustments 
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of respiration with regard to carbon diox- 
ide.” However, there are no data from man 
suggesting that narcotics can depress these 
peripheral chemoreceptors. Gruhzit®® pre- 
sented evidence from dogs and cats to show 
that morphine stimulated pulmonary chem- 
oreceptors, but von Euler and Soderberg’! 
found in cats that these reflexes were nearly 
unaffected by a chloralose concentration 
sufficient to block the central effect of 
carbon dioxide. They also found that mor- 
phine failed to influence peripheral chemo- 
receptors yet depressed receptors in the 
respiratory center believed sensitive only 
to carbon dioxide. Breathing 100 per cent 
oxygen inactivates certain chemorecep- 
tors,* yet there are no data to indicate 
that oxygen alters the respiratory response 
to narcotics as seen with room air, except 
in the presence of hypoxia.®! That such an 
effect might occur should not be over- 
looked so that in respiratory studies, con- 
trol and test measurements should be made 
with the subjects breathing concentrations 
of oxygen which are least likely to affect 
chemoreceptors, i.e., 50 per cent or less. 

The possibility that narcotics alter pul- 
monary stretch receptors has apparently 
not been investigated in man although 
there are data to suggest they enhance 
Hering-Breuer reflexes in the cat.55 The 
professed ability of normal subjects and 
patients to breathe easier after narcotics 
and their indifference to respiration suggest 
such an influence, although this could be 
a cortical influence as well. The loss of vol- 
_ untary control of inspiration in patients 
under the influence of large doses of narcot- 
ics, yet with the retention of the ability to 
breathe when commanded to do so could 
have a similar meaning. 

Data implicating the higher centers in 
the control of respiration in normal man 
are meager, yet there are facts to be con- 
sidered. If these centers are depressed, as 
during sleep, a change in respiration is 
apparent. Most narcotics act as sedatives. 
If this effect is pronounced and the pa- 
tient or subject sleeps, the pattern of res- 
piration ensuing is that of respiratory 
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depression. Bellville, Howland, Seed, and 
Houde" have observed that natural sleep 
per se can mimic the effects of narcotics 
so far as respiration is concerned. Studying 
normal volunteers in various “depths” of 
natural sleep, whose respiration could be 
stimulated at will by endogenously accum- 
ulated carbon dioxide, they noted a lowered 
respiratory exchange, an increase of end- 
expiratory Pco,, and a diminished respira- 
tory response to carbon dioxide. They ob- 
served: “There was a profound shift of the 
respiratory response curves to the right 
during moderately deep sleep which was 


- greater than that produced by 10 mg. mor- 


phine sulfate given intramuscularly.” They 
also made the important observation that 
narcotics could produce a similar respira- 
tory effect without an alteration in the 
state of wakefulness. Others!®®:1% have 
studied respiration during sleep and have 
noted the elevation in end-expiratory 
Pco,,!*:188 but none appear to have com- 
pared the effect directly with that produced 
by narcotics. It seems likely, therefore, that 
sleep induced by narcotics during respira- 
tory studies may confuse the results. There 
are no data, however, to indicate that the 
effect of sleep and of narcotics upon res- 
piration are additive. Nor do the results 
reported above agree with the failure to 
observe respiratory depression or elevation 
in end-expiratory Pco, during sleep induced 
by secobarbital®! or chloral hydrate.'*® 
Occasionally narcotics induce a state of 
restlessness. Frequent shifting of body po- 
sition may lead to deep inspirations and 
other irregularities of respiration sufficient 
to mask depression and, under these con- 
ditions, may even suggest an enhancement 
of respiration by the narcotic. Restlessness 
is more likely to be seen following the 
injection of narcotics in. normal subjects 
or pain-free patients than in patients who 
have required pain relief. Therefore, it 
would seem reasonable to consider rest- 
lessness an unusual response to narcotics, 
and data accumulated under these circum- 
stances might be segregated from that ob- 
tained during the more normal response. 
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Breckenridge and Hoff,?!:22 observing in 
dogs and cats the alteration of respiration 
produced by narcotics, concluded that 
these drugs might cause “pharmacologic 
decerebration.” The common appearance 
of irregular and periodic breathing after 
morphine"! was considered an inactiva- 
tion of cortical and subcortical suppressor 
mechanism. The ability of narcotics to 
produce irregular and periodic breathing 
in normal man is less well appreciated but 
nevertheless seems to be common. Orkin, 
Egge, and Rovenstine!™* note that 9 of 10 
patients given alphaprodine 60 mg., 7 of 
10 patients given meperidine 100 mg., and 
6 of 10 patients given morphine 10 mg., 
intravenously, developed periodic breath- 
ing. Those patients who had the greatest 
depression of cerebral functional activity 
manifested the most marked periodicity. 
Although not commented upon by the au- 
thors, Eckenhoff, Hoffman, and Dripps® 
presented spirograms from 2 patients, one 
who had received 100 mg. Pantopon and 
the other 6 mg. dihydromorphinone and 
both patients showed markedly irregular 
respiration. If it is accepted that morphine 
might produce “pharmacologic decerebra- 
tion” in animals, leading to irregular res- 
pirations, it must be concluded that the 
same phenomenon occurs in man. 

When narcotics are given to the very ill 
or the elderly, a more profound effect upon 
respiration often occurs than seen in the 
healthy individual. Likewise when narcot- 
ics are given in the presence of anesthesia, 
an exaggerated respiratory depressant re- 
sponse usually follows. These observations 
suggest that under the conditions men- 
tioned a compensating mechanism to en- 
sure adequate respiration after narcotics 
has been removed. Could this be a reduc- 
tion in sensory input which helps to main- 
tain respiration? 

The importance of sensory input in the 
maintenance of normal respiration is the 
most poorly defined of the possible influ- 
ences. Nevertheless, it is apparent that sleep 
and anesthesia mentioned above do reduce 
sensory input. Phenothiazine derivatives, 
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although they do not appear to exert much 
effect on respiration per se, are known to 
diminish sensory input and do augment the 
effects of narcotics on respiration (see later 
discussion). Additional suggestions of the 
influences of sensory input upon respira- 
tion are obtainable from patients under the 
influence of spinal anesthesia. When sen- 
sory anesthesia extends to the upper thor- 
acic region (T, and above), patients com- 
monly complain of an inability to breathe 
even though respiration appears to be nor- 
mal and exchange more than adequate: 
Sometimes the complaint is described as a 
heaviness of the chest or a weight on the 
chest. Macintosh’®* has called attention to 
the fact that the higher a spinal anesthetic 
spreads, the more awareness of the body is 
diminished. In the reviewers’ opinion, the 
diminished awareness is responsible for the 
lack of appreciation of adequate respira- 
tion. If, now, thiopental* is injected intra- 
venously in a dose sufficient to produce 
sleep but not normally depress breathing, 
respiration may suddenly cease with the 
onset of sleep. This is especially common 
if the patient has had a preanesthetic nar- 
cotic. It would appear as if respiration were 
being maintained by consciousness and, 
when consciousness is lost, respiration may 
cease. The suggestion is apparent that, at 
least under certain circumstances, afferent 
stimuli from the thorax or body, independ- 
ent of the phrenic nerve, have much to do 
with the adequacy of respiration. Narcotics 
might mimic in part the action of a spinal 
anesthetic. Little work in defining the 
importance of sensory input in influenc- 
ing normal respiration appears to be in 
progress. 

Probably the degree to which afferent 
stimuli participate is determined by their 
importance in maintaining respiration in 
a given situation. When cortical control of 
respiration or sensory input to the respira- 
tory center is blocked by anesthetics, the 
respiratory-depressant effect of narcotics is 
more prominent. If sensory input is re- 
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duced by disease, local anesthetics, or 
other drugs, again the narcotics seem to 
have more than expected respiratory action. 
Finally when the lungs or thoracic cage are 
affected by disease or congenital abnormal- 
ity, serious respiratory depression may fol- 
low the injection of narcotics. 

From the foregoing discussion, the res- 
piratory response of normal man to thera- 
peutic doses of narcotics might be summar- 
ized as follows: There is a diminution in 
alveolar ventilation, primarily as a result 
of a decrease in tidal exchange. The altera- 
tions in respiratory rate and in alveolar 
ventilation in the subject breathing room 
air may be so subtle as to escape detection. 
A more reliable index of respiratory action 
of narcotics can be gained from a measure- 
ment of alveolar or arterial carbon dioxide 
tension which is usually elevated, and 
through challenging respiration by inhala- 
tion of mixtures of carbon dioxide in 50 per 
cent oxygen. As the dose of narcotic is in- 
creased, the decrease in pulmonary ex- 
change becomes greater. While a depres- 
sion of the respiratory center sensitivity to 
carbon dioxide or hydrogen ion stimuli ap- 
pears to be the principal cause of the di- 
minished alveolar exchange from narcotics 
it is probably not the only cause. A damp- 
ening of as yet ill-defined influences upon 
respiration of afferent impulses from the 
periphery and cortical centers may play 
a significant role. 

Alterations in the normal respiratory 
response to narcotics. There are many 
circumstances that affect the action of nar- 
cotics on respiration, yet one cannot accept 
data from any of these as representative 
of “normal” response to narcotics. Perhaps 
one should regard a narcotic effect in the 
healthy subject as “base-line” and attempt 
to define those conditions under which such 
a “normal” response is altered. As Keats 
and Beecher'** have pointed out, there is 
no reason to believe that the mechanism of 
side action production in normal man dif- 
fers from that in ill individuals. If one could 
obtain a sufficient number of observations 
on the effect of narcotics. in man afflicted 
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with reasonably standard degrees of ill- 
nesses or under the influence of comparable 
amounts of different drugs, the “spectrum” 
of action of narcotics would be _ better 
defined. ; 

Factors that tend to counteract respira- 
tory depression. 

A. PAIN. Pain is usually a potent stimulant 
to respiration. Henderson’ envisioned the 
stimulus as being sufficient to produce acap- 
nia and shock. The clinician administering 
narcotics to a patient in pain does not ex- 
pect respiratory depression unless the nar- 
cotic relieves the discomfort. Patients with 
renal colic due to a calculus often show 
little response to large doses of narcotics 
until the calculus is passed into the bladder, 
at which time profound respiratory depres- 
sion may occur. Similar responses have 
been noted with the relief of pain of tabetic 
crises.**! The anesthetist makes use of the 
respiratory stimulant effect of pain during 
light planes of anesthesia as a guide for the 
administration of more analgesic or the 
provision of a deeper level of anesthesia. 
It is probable that with light planes of an- 
esthesia such as during the administration 
of the nitrous oxide-thiopental—narcotic 
combination respiratory stimulation by sub- 
conscious pain perception may play a more 
significant role than is commonly appreci- 
ated. The importance is not so much during 
the operation when the patient is under 
the constant surveillance of the anesthe- 
tist but rather postoperatively when the 
pain of operation has lessened and the pa- 
tient is observed only periodically. The ap- 
parent “reanesthetization” of patients who 
seemed responsive at the termination of 
operation can be explained partially on 
this basis. Hamilton and Devine! have 
recorded a high incidence of respiratory 
inadequacy in patients admitted to recov- 
ery rooms following the use of such com- 
binations of anesthetics. 

While the usual effect of pain upon 
respiration is one of stimulation, under 
certain circumstances it may cause a dimi- 
nution in pulmonary exchange and narcot- 
ics may then lead to an improvement in 
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ventilation. Anscombe? has noted that pain 
can cause: (1) bronchospasm, (2) a reluc- 
tance to cough and to clear secretions from 
the airway, and (3) a resistance to move- 
ment lest pain be aggravated, all predispos- 
ing to pulmonary hypoventilation. These 
conditions occur especially after upper 
abdominal or thoracic operations. Ans- 
combe and Buxton’ have measured vital 
capacity under these circumstances, and 
noted a reduction of as much as 80 per cent 
after upper abdominal operations. They 
have observed that 10 to 15 mg. morphine, 
given 6 to 12 hours postoperatively, in- 
creased the vital capacity as much as 16 
per cent compared to the effect of the 
same dose of drug in the same patient be- 
fore operation. When the same dose of 
narcotic was given 24 hours later, the 
vital capacity was depressed as much as 
9 per cent. Similar salutory effects of mor- 
phine upon respiration in the presence of 
the pleuritic pain of lobar pneumonia have 
been reported by Davis.** 

Bromage** has described a method for 
assessing the analgesic effectiveness of 
drugs by measuring the improvement in 
vital capacity after narcotics in patients 


after operation. The patient’s preoperative’ 


vital capacity is measured, compared with 
that obtained postoperatively when pain is 
present and again after the drug being 
tested has been given. The observations 
are compared with vital capacity meas- 
urements made during a sensory block of 
the painful area by means of local anes- 
thetics injected epidurally. 

Because of these variable effects of pain 
upon respiration, it should be recognized 
that data obtained under such circum- 
stances are applicable only to the given 
situation. 

B. EMOTIONAL sTRESS. If “control” ob- 
servations in a respiratory study are ob- 
tained in normal volunteers or patients who 
are apprehensive, fear discomfort, lack in- 
terest in the investigation, misinterpret 
sensations experienced, and are impatient 
to complete the work, the results of the 
study may not be valid. Subjects fre- 
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quently find it difficult to distract their 
attention from breathing and may involun- 
tarily hyperventilate or hypoventilate. Ap- 
prehension may elevate the catechol amine 
blood level which may indirectly affect 
respiration. Should the test drugs produce 
restlessness or dysphoria, studies of respira- 
tion may not be comparable to observations 
obtained from other subjects in whom the 
same drugs produced relaxation and eu- 
phoria. The attitude and conversation of 
the investigators and the atmosphere under 
which the experiment is conducted can 
also influence results. 

The determination of respiratory re- 
sponse to narcotics in normal volunteers 
is probably no different so far as inter- 
ference from emotional stimuli is concerned 
than the study of the analgesic effects of 
narcotics."!° If such responses are com- 
mon in normal volunteers, how much more 
common must they be in studies attempted 
on patients facing operation, incurable ma- 
lignancy, or financial catastrophe. Great 
care must be exercised in obtaining both 
control and test data under these cir- 
cumstances. 


c. prucs. 1. Belladonna alkaloids. Many 
studies of the action of narcotics upon res- 
piration have been conducted in patients 
given belladonna alkaloids before or si- 
multaneously with the narcotic. Belladonna 
drugs cause bronchiolar dilatation and 
thereby increase anatomic dead space. Sev- 
eringhaus and Stupfel?'! measured the ef- 
fect on dead space of 0.5 mg. of atropine 
given subcutaneously in human subjects 
and observed a 30 per cent increase. When 
atropine 0.5 to 1.0 mg. was injected intra- 
venously, there was a 47 per cent increase 
in dead space. Morphine and meperidine, 
on the other hand, seem to be bronchocon- 
strictors. What then is the effect on dead 
space when combinations of morphine and 
atropine are administered together? There 
are no reliable data. Steinberg, Bellville, 
and Seed?*° concluded that atropine coun- 
teracts the constrictor effect of morphine 
but supporting data are lacking. 

Scopolamine has been alleged to have 
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respiratory stimulant properties and to be 
of value in counteracting the respiratory 
depressant effects. of narcotics.?4>.246.247 
The evidence is not convincing. Loewy,!*® 
Loeschke and Wendel'*? and Weimann and 
Hermanuz?*? were unable to show that at- 
ropine or scopolamine stimulated respira- 
tion. Nor did Steinberg, Bellville, and 
Seed??? find that 0.6 mg. atropine altered 
the respiratory depression produced by 10 
mg. morphine. Atropine alone did not alter 
the respiratory response to endogenously 
accumulated carbon dioxide, nor did the 
combination of atropine and morphine alter 
the response curve obtained from morphine 
alone. Swerdlow and Newman?”® injected 
intravenously morphine (1/6 mg. per kilo- 
gram) with scopolamine or atropine in 
100 patients. They observed that the mix- 
tures had little effect upon respiratory rate 
but that both combinations depressed 
minute volume of respiration. One must 
conclude, therefore, that although there 
has been some belief that belladonna drugs 
counteract narcotic-induced respiratory de- 
pression, the available data do not support 
such opinion. Weimann and Hermanuz?*® 
believe that atropine added to dihydromor- 
phinone provides more even alveolar ven- 
tilation through its bronchodilator effect. 
They came to this conclusion after admin- 
istering 2 mg. dihydromorphinone and 0.3 
mg. atropine to 8 normal subjects and not- 
ing that although alveolar ventilation di- 
minished and PAco, increased, the physio- 
logic dead space also decreased and the 
alveolar-arterial oxygen difference statis- 
tically was significantly diminished. 

2. Narcotic antagonists. Several reviews 
of the pharmacology of narcotic antagonists 
have been published.*>:115.14°.260 Two antag- 
onists, nalorphine* and levallorphan,* are 
currently available for clinical use. They 
produce essentially similar effects, both in 
narcotized and normal man, although leval- 
lorphan appears to be about ten times as 
potent as nalorphine. Administered paren- 
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terally to normal man, nalorphine leads to 
a depression of respiration more or less 
paralleling that from equivalent amounts 
of morphine. Eckenhoff, Elder, and King** 
found that 5 or 10 mg. nalorphine injected 
intravenously in normal volunteers had 
little effect upon respiratory rate but led 
to a consistent diminution in respiratory 
minute volume averaging 35 per cent. Wik- 
ler, Fraser, and Isbell?57 gave 15 mg. nal- 
orphine subcutaneously to 6 postaddict 
volunteers and failed to observe a signifi- 
cant effect upon respiratory rate during 3 
hours of observation. Tenney and Mithoef- 
fer?3* saw a comparable effect in normal 
volunteers from 2 mg. nalorphine intrave- 
nously, and also demonstrated a diminished 
response to inhalation of carbon dioxide 
mixtures as compared to the predrug state. 
Lasagna and Beecher"! decided that the 
respiratory depression from 5 mg. nalor- 
phine in normal subjects did not differ sig- 
nificantly from that caused by 10 mg. 
morphine. Isbell and Fraser™® observed ir- 
regularities in respiratory rhythm after 30 
mg. nalorphine in postaddicts comparable 
to that seen after corresponding doses of 
morphine. Salomon, Marcus, Herschfus, and 
Segal’®® noted that the changes produced 
by 10 mg. nalorphine intravenously lasted 
from 40 to 90 minutes. Further studies with 
nalorphine and those with levallorphan 
have essentially agreed with the results al- 
ready quoted.®?:117,227,2388 Jt would appear 
from these data that both narcotic antag- 
onists are depressant to respiration when 
administered intravenously, intramuscu- 
larly, or subcutaneously in normal man. 
Respiratory rate is either unchanged or 
slightly decreased, dependent upon the 
dose, and minute volume is nearly always 
lowered. Alveolar ventilation is diminished. 

The ability of the narcotic antagonists to 
counteract respiratory depression produced 
by opiate derivatives and synthetic nar- 
cotics is well established. The intravenous 
injection of 5 or 10 mg. of nalorphine or 
comparable doses of levallorphan in a pa- 
tient deeply narcotized and with marked 
respiratory depression will lead to one of 
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the most dramatic reversals of drug ac- 
tion seen in medicine. Respiratory rate 
promptly increases as does respiratory 
minute volume, and the end-expiratory 
Pco, decreases toward normal. There are 
no data as to the optimal dose required to 
antagonize various degrees of respiratory 
depression caused by narcotics. Attempts 
have been made to determine such a rela- 
tionship®® but none could be found. Cer- 
tain explanations for this will be offered 
later. The doses of antagonists most com- 
monly used are nalorphine 5 or 10 mg. and 
levallorphan 1 or 2 mg. by vein. The dura- 
tion of action of single doses has not been 
adequately measured, but the available re- 
ports suggest a duration of about 1% hours 
for nalorphine and about 2 hours or longer 
for levallorphan. 

The antagonists can also be used to 
counteract the depression of the infant’s 
respiration by narcotics given to the par- 
turient. Nalorphine, 10 mg. given intra- 
venously to the mother 5 or more minutes 
prior to delivery, statistically significantly 
reduces the infant's respiratory depres- 
sion.*° A more direct method of treating 
narcotic-induced respiratory depression in 
the newborn is to inject 0.2 to 0.5 mg. 
nalorphine directly into the infant’s umbili- 
cal cord vein. This produces excellent re- 
sults if the depression is due to nar- 
cotics. 1:31:65, 66,176 

The antagonistic effect of nalorphine and 
levallorphan appears to be specific for nar- 
cotics and does not extend to reversing de- 
pression produced by other substances such 
as anesthetics or sedatives,.1:57,159,162,199 
Weakley and Bergner?*® gave 0.0625 mg. to 
0.5 mg. per kilogram nalorphine intraven- 
ously to 18 patients anesthetized with seco- 
barbital,* and noted that the respiratory 
depression from secobarbital was poten- 
tiated as judged by the respiratory rate and 
minute volume. Sleeping time was also 
prolonged. These data are supported by a 
comparable experiment in mice.®® There 
has been, however, one report®! claiming 
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reversal of respiratory depression in 2 pa- 
tients, one given 1.5 Gm. thiopental during 
extraction of all of his teeth and the other 
given 2.0 Gm. thiamylal* with nitrous ox- 
ide during a radical mastectomy. Large 
doses of nalorphine (35 and 40 mg., respec- 
tively ) were used to effect reversal of bar- 
biturate narcosis. There is no explanation 
for this single exception in man unless the 
patients might have been given narcotics 
preoperatively. Reports of comparable stim- 
ulation in dogs?42 and rats®® narcotized 
with pentobarbital have appeared. Sug- 
gestions of a nonspecific stimulant action 
of nalorphine,®* however, have not been 
substantiated by further work.!®® The pres- 
ence of other cerebral depressants (e.g., 
ether) does not appear to hinder the action 
of antagonists if they are being used to 
counteract an effect caused by nar- 
coting, 54" 

The antagonists do not reverse narcotic- 
induced respiratory depression under all 
circumstances. The effectiveness of the an- 
tagonists appears directly related to the 
magnitude of depression caused by the 
narcotic. Landmesser, Formel, and Con- 
verse! have stated this somewhat differ- 
ently, “The degree of initial hyperpnea fol- 
lowing the administration of the narcotic 
antagonist is more dependent upon the 
amount of CO, that has been retained as a 
result of narcotic depression. . . .” The re- 
viewers have not seen, nor are they aware 
of reports of, a single failure of the an- 
tagonists to reverse serious respiratory de- 
pression produced by narcotics. It is ob- 
vious that failure of reversal could occur if 
depression were complicated by the pres- 
ence of other drugs, by trauma or disease, 
or by damage from hypoxia. On the other 
hand, there are frequent references to fail- 
ure of antagonists to stimulate respiration 
after minor respiratory depression from 
narcotics. Eckenhoff, Hoffman, and Fun- 
derburg®* noted that nalorphine seemed 
less effective in stimulating neonatal res- 
piration if the mothers were lightly sedated 
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from meperidine medication as compared 
with those who were moderately or deeply 
sedated. Wikler, Fraser, and Isbell?°" re- 
ported that nalorphine administered to pa- 
tients with minimal depression might in- 
crease that depression. Payne'’* observed 
that 10 mg. nalorphine provided only a 
transient reversal of respiratory depression 
produced by 15 mg. morphine in healthy 
subjects. Lasagna and Beecher'*! recorded 
that the respiratory depression produced in 
4 young healthy male volunteers by 15 mg. 
morphine and followed in 2 hours by 5 mg. 
nalorphine was not reversed in 3, and in 
the fourth the reversal was “short lived and 
was followed by more severe depression.” 
Eckenhoff and Funderberg** presented 
data to show that “relatively large doses of 
antagonists may have minimal action if the 
degree of depression (respiratory) is 
minor, and noted that, “This supports the 
clinical observation that the opiate antag- 
onists are most effective when the depres- 
sion for which they are administered is 
greatest.” Keats and Mithoefer™°® and 
Keats!** have written that patients do not 
respond to nalorphine after a single thera- 
peutic dose of morphine (at a time interval 
of one hour) unless a “priming” dose of 
morphine was given first. Fraser, Van 
Horn, and Isbell** observed that 10 mg. 
nalorphine given 1% hours after 30 mg. 
morphine in postaddicts did not affect the 
depression of respiration. Orton, Peacock, 
and Phillips'** observed one subject given 
10 mg. morphine intravenously followed in 
22 minutes by another similar injection. A 
dose of 10 mg. nalorphine, 80 minutes after 
the first morphine injection, led to only a 
transient respiratory stimulation and a sec- 
ond injection of nalorphine 13 minutes later 
stimulated respiration sufficiently that the 
respiratory rate was still raised 70 minutes 
later. 

Fraser®* has summarized observations as 
outlined above as follows: “Nalorphine per 
se has a definite pharmacological action, 
and whether or not nalorphine acts as an 
antagonist for morphine depends upon a 
great many factors—doses of each and, 
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most important of all, whether administra- 
tion of nalorphine has bzen preceded by 
one, several, or an addictive dosage sched- 
u'e of morphine. These divergent actions 
may be briefly illustrated as follows: a) In 
a dose of 10 mg. subcutaneously nalorphine 
depresses respiration and body tempera- 
ture in a manner comparable to that of 10 
to 30 mg. morphine. I+ provokes dysphoria 
in many subjects and it moderately con- 
stricts the pupils. b) When a single dose 
of 10 mg. to 20 mg. of morphine is fol- 
lowed one hour later by 10 mg. of nal- 
orphine the latter will counteract to a con- 
siderable degree morphine-induced miotic 
effects and ‘morphine euphoria,’ but under 
these conditions will not counteract mor- 
phine-induced respiratory depression. c) If, 
however, the dose of morphine is sufficient 
to induce severe respiratory depression, 
then administration of 10 mg. of nalorphine 
promptly restores normal respiration.” 
The manner by which antagonists coun- 
teract respiratory depression produced by 
narcotics is not clear. The most popular 
theory is that the antagonists have a 
stronger affinity for respiratory center re- 
ceptors than do morphine, meperidine, and 
the like.§4:85.140,192,210,260 Tf narcotics occupy 
the receptors, the antagonists displace 
them, thus substituting a milder respiratory 
depression that may simulate a return to 
normalcy. If the receptors are unoccupied 
as in the normal subject, the antagonists 
produce respiratory depression and _pre- 
vent occupation by narcotics subsequently 
injected. This theory does not satisfy all 
circumstances, especially the fact that a 
mild respiratory depression may be unaf- 
fected or even intensified by the antagonist. 
As a result of this disparity, a theory has 
been developed envisioning physical de- 
pendence on narcotics as a prerequisite for 
the antagonistic action of nalorphine or 
levallorphan.'*°:14°.256 With this theory, de- 
pendence is established by the initial or 
“priming” dose of narcotic. This explana- 
tion seems unnecessarily complex to the 
reviewers. Is it not possible that with a 
therapeutic dose of narcotic leading to 
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minimal respiratory depression, the con- 
centration of narcotic located in the respir- 
atory center is so low, as a result of equili- 
bration of the drug in body tissues and 
fluids, that the antagonist acts primarily as 
if no narcotic were present? It has been 
shown that both d-tubocurare!™* and thio- 
pental!**:185 reach peak activity soon after 
intravenous injection with distribution in 
blood and extracellular fluid. A period of 
redistribution and equilibration then oc- 
curs during which time drug activity may 
diminish or disappear as drug concentra- 
tions decrease at effector organs. A final 
period of metabolism or excretion follows. 
While such a pattern has not been estab- 
lished for narcotics, there is little reason 
to doubt its occurrence. Marked respira- 
tory depression must mean a high or rela- 
tively high concentration of narcotic at res- 
piratory effector organs. Therefore antag- 
onists are effective for indefinite periods 
after injection of large doses of narcotics 
or for short intervals after injection of smal- 
ler doses. When sufficient time has elapsed 
after therapeutic doses of narcotics and re- 
distribution has occurred, the respiratory 
center concentration is low and a depres- 
sant (or transient stimulant) action of the 
antagonist is seen. 

There are recent observations of antag- 
onist action that do not appear to fit into 
the competitive receptor theory. Three in- 
dependent groups have observed that res- 
piratory depression produced by nalor- 
phine can be reversed by subsequent doses 
of the same drug*? or of levallorphan.* 
The meaning of these observations is not 
clear. 

So long as the antagonists do counteract 
severe respiratory depression, the fact that 
they are unreliable in reversing slight de- 
pression becomes of more academic than 
practical importance. The significant points 
are: (1) the antagonists should be re- 


‘served for the treatment of severe respira- 


*Keats, A. S.: Unpublished data. 
+Gans, J. H.: Unpublished observations. 
tEckenhoff, J. E., and Helrich, M.: Unpublished data. 
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tory depression from narcotics, and (2) 
augmentation of depression may occur 
when antagonists are given to patients in 
mild respiratory depression. 

Probably of more concern is a considera- 
tion of the antagonists injected prior to or 
simultaneously with the narcotic to pre- 
vent appearance of the side effects of nar- 
cotics yet preserve or augment analgesia. 
Since more data have appeared on the sim- 
ultaneous injection of the drugs, this will 
be considered first. 

Once the antagonism between morphine 
and nalorphine was demonstrated, attempts 
were soon made to combine both drugs to 
see if analgesia could be preserved and the 
side effects of the narcotic prevented.!” 
The first data relative to such combinations 
in man appear to have been those of Cappe, 
Himel, and Grossman,”® although Bodman’® 
mentions that he gave 50 mg. meperidine 
with 3 mg. nalorphine to separate the an- 
algesic and respiratory effects of the nar- 
cotic and concluded: “This seems to me 
to be a line worth pursuing.” Cappe and 
associates*® injected equal doses of nal- 
orphine and morphine or one part nal- 
orphine to 3 parts morphine in 45 parturi- 
ents and observed only slight respiratory 
and circulatory depression in mothers and 
offspring. Later these authors*® reported on 
75 parturients given 5 to 40 mg. each of 
inorphine and nalorphine (average 15.8 
mg.) in equal amounts and noted that the 
effect on the mothers’ respiratory rate, 
blood pressure, and pulse rate was negli- 
gible. Respiratory depression was observed 
in only one infant. 

Investigation of mixtures seems to have 
been in two different types of subjects and 
the results have likewise differed. The sub- 
jects studied in the first group are volun- 
teers, whereas the second consists of pa- 
tients for whom an analgesic was indicated. 

Volunteers: Lasagna and Beecher" gave 
combinations of nalorphine and morphine, 
in a 1:5 and 1:3 ratio, to normal young 
volunteers and observed that the side ef- 
fects including respiratory depression were 
indistinguishable from those recorded after 
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the same doses of morphine alone. In these 
studies, respiration was stimulated with 
5 per cent carbon dioxide mixtures. Eck- 
enhoff, Helrich, Hege, and Jones® ad- 
ministered levallorphan and_ levorphan 
to normal subjects and challenged their 
respiration with endogenously accumu- 
lated carbon dioxide. They concluded, “In 
no instance was the mixture of levallor- 
phan with levo-Dromoran in a dosage 
relationship of 1:1 or 1:10 capable of 
preventing the respiratory depression 
normally produced by levo-Dromoran.” 
Thomas and Tenney*** injected intra- 
venously 1:5 mixtures of levallorphan and 
levorphan in healthy volunteers and chal- 
lenged their respiration with carbon diox- 
ide mixtures. The results were compared 
with those obtained in the same subjects 
given the same doses of each drug on sep- 
arate occasions. They concluded, “When 
these two drugs are given together, venti- 
lation is improved over that with either 
alone but it is still less than control.” 
Fraser, Van Horn, and Isbell®* studied the 
effects of morphine alone and in combina- 
tion with nalorphine, injected subcutane- 
ously in postaddict volunteers and con- 
cluded that morphine alone or with nal- 
orphine depressed respiration in a com- 
parable manner. Houde and Wallenstein!” 
gave morphine combined with nalorphine 
on a 8:1, 4:1, 2:1, and 1:1 ratio to 38 hos- 
pitalized cancer patients. They concluded 
that “the incidence of volunteered and ob- 
servable side effects increased in direct 
proportion to the amount of nalorphine in 
the mixture and in a separate limited study 
of the respiratory effects of the mixture in 
normal volunteers that the combination 
produced as much or more respiratory de- 
pression than morphine alone.” Wallen- 
stein, Bellville, and Houde?** investigated 
the respiratory effects of intramuscularly 
injected levorphan and 0.3 mg. leval- 
lorphan, alone or in combination, in healthy 
volunteers. Respiration was _ stimulated 
with endogenously accumulated carbon 
dioxide. They concluded that 0.3 mg. 
levallorphan produced no significant res- 
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piratory depressant effect alone nor did it 
interfere with the depression produced by 
levorphan. Finally, Wendel and Lambert- 
sen**’ gave nalorphine or morphine, 10 mg. 
per 70 kilograms each, alone or together, 
to 15 normal volunteers and stimulated 
their respiration with carbon dioxide mix- 
tures. They noted that a synergism or an 
antagonism between the two could be ob- 
served but, in general, the combined effect 
of the drugs was not significantly differ- 
ent from that of morphine alone. 

Patients requiring analgesics: The pa- 
tients studied can be categorized as those 
with chronic pain*®.?®; those studied be- 
fore and/or during anesthesia and opera- 
tion’ 88,182, 156,221,225,228- those studied after 
anesthesia for a surgical procedure! 161,198; 
and those to whom the mixture was given 
prior to the birth of a child, the effect be- 
ing observed on the infant’s respira- 
tion.1°.*5.84 The results of these investiga- 
tions may be summarized by the general- 
ization that the simultaneous injection of a 
narcotic (principally alphaprodine or me- 
peridine) and narcotic antagonist (mostly 
levallorphan) has led to no more than 
slight respiratory depression as measured 
by respiratory rate, tidal and minute vol- 
ume, or incidence of delayed onset of neo- 
natal respiration. The ratio of narcotic to 
antagonist has varied but reasonable agree- 
ment of the following has appeared: mor- 
phine to nalorphine 3:1; levorphan to leval- 
lorphan 10:1; alphaprodine to levallorphan 
50:1; and meperidine to levallorphan 100:1. 

Only three clinical reports are at var- 
iance with those listed in the preceding 
paragraph. Two concern the use of the mix- 
ture in patients with chronic pain.®** In 
the first of these,®* “definite respiratory de- 
pression” was reported in 4 patients given 
levorphan and levallorphan mixtures, and 
in the second® respiratory depression is 
apparent in the data from 3 patients in 
pain given a 1:10 mixture of levallorphan 
and levorphanol with respiratory effect 
measured by analysis of rate, tidal volume, 
end-expiratory Pco,, and response to endo- 
genously accumulated carbon dioxide. The 
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prior experience of these patients with nar- 
cotics is not detailed. In the third report, 
merperdine 150 mg. was given to 177 par- 
turients with an additional 100 mg. if 
needed. Similar doses of meperidine, com- 
bined with 1 mg. levallorphan and 0.5 mg. 
if the subsequent dose of 100 mg. meperi- 
dine was given, were injected in an addi- 
tional 178 parturients. The minute volume 
of respiration of the neonates was meas- 
ured. The conclusion was drawn that leval- 
lorphan did not increase the infants’ 
minute volume as compared with that of 
the controls and the incidence of fetal res- 
piratory depression was the same in both 
series. 

On the surface it is difficult to reconcile 
the observations from the volunteers and 
patient groups. A careful study of the con- 
ditions under which the investigations 
were performed in the patient group, how- 
ever, suggests that nearly all if not all the 
patients had been given a narcotic for pre- 
anesthetic medication or had had previous 
injections of narcotics because of chronic 
pain. Although several authors specifically 
mentioned that their patients had not had 
narcotics for at least 7 to 8 hours prior to 
the study, nevertheless this could influence 
the results. The conditions, then, were dif- 
ferent from those in most of the volunteers 
who have not had narcotic before the ex- 
periment and who presumably had not had 
prior experiences with narcotics for periods 
of days before the observations were made. 
If these assumptions are correct, then the 
different conclusions drawn from the two 
groups of investigation are explainable. 

If the pattern of respiratory response is 
shaped by prior experience with either nar- 
cotic or antagonist, the question arises as 
to the need of injecting mixtures of the 
drugs. Why not inject the antagonist first 
and follow it at intervals with the narcotic 
as needed? Such a practice would be tech- 
nically simpler and should be less expen- 
sive. The data suggest that when the drugs 
are given in this fashion and in the proper 
ratio, analgesia is preserved or en- 
hanced?5.99,106.198 and respiratory depres- 
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sion is minimal. As will be discussed, how- 
ever, the vasodepressor response to narcot- 
ics may not be blocked by antagonists used 
in this manner. It is interesting that an- 
tagonists can reverse one action of narcotics 
and augment other actions. Woods?*! has 
shown that nalorphine does not signifi- 
cantly alter the brain concentration of 
morphine even though the respiratory ef- 
fects are prevented or reversed, and nalor- 
phine slows, not hastens, the degradation 
of morphine in the rat liver.®-9155 
Hamilton and Cullen®® injected intra- 
venously 2.5 and 5.0 mg. levallorphan in 
patients scheduled for operation and anes- 
thetized with nitrous oxide. This led to 
slight diminution in respiratory rate. Lev- 
orphanol, meperidine, or morphine, in doses 
calculated to produce definite respiratory 
depression (e.g., 18 mg., 400 mg., and 60 
mg., respectively ) were then injected. “The 
large doses of opiates did not produce the 
expected respiratory depression.” It was 
also noted in those patients in whom re- 
spiratory depression from narcotics was 
antagonized with levallorphan, “additional 
doses of opiate as needed to supplement 
the anesthesia did not depress respiration.” 
In a later publication, Hamilton and Cul- 
len®® used meperidine in combination with 
thiopental and nitrous oxide for anesthesia 
in patients undergoing minor surgical pro- 
cedures. After the establishment of a satis- 
factory level of anesthesia, levallorphan was 
injected intravenously. This appeared to 
counteract respiratory depression as well as 
to lighten anesthesia. Subsequent doses of 
meperidine increased the level of anes- 
thesia, yet allowed “only slight transient 
depression of respiration.” Foldes and 
Ergin®? have described a technique wherein 
patients who have received a narcotic for 
premedication are given 0.02 mg. per kilo- 
gram levallorphan intravenously, followed 
in 3 to 6 minutes by meperidine 2 mg. per 
kilogram, all prior to induction of anes- 
thesia. A thiopental, nitrous oxide sequence 
is then given. Additional doses of thio- 
pental or meperidine are used as needed 
but further doses of levallorphan are in- 
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jected only if respirations decrease below 
12 per minute. 

Foldes,** Coleman, Hargrove, and 
Jones,*® and Foldes, Duncalf, Robbins, 
D’Sousa, and Conte*! have used the antago- 
nists in yet a different fashion. Foldes and 
associates*! have injected alphaprodine, 1 
mg. per kilogram in combination with nar- 
cotic premedication, thiopental, nitrous 
oxide, and succinylcholine* to produce 
apnea deliberately. At the end of the op- 
eration, the apnea is counteracted by the 
injection of 0.02 mg. per kilogram levallor- 
phan. If respiration does not return satisfac- 
torily, an additional 0.4 to 0.6 mg. of the 
antagonist is given. This procedure is called 
“controllable apnea.” It is of interest that 
of the 531 patients reported upon, there 
were two deaths (one patient who had 
severe bronchospasm during and following 
operation had had 270 mg. alphaprodine; 
the other had a “low tidal volume” postop- 
eratively and died 3 hours after completion 
of the operation). One additional patient 
gave great concern because her tidal vol- 
ume remained below normal for 5 hours 
postoperatively. 

The use of simultaneous or sequential in- 
jections of narcotics and antagonists has 
been confined chiefly to the treatment of 
acute postoperative pain or as an anesthetic 
adjuvant. Only two reports have appeared 
of their repeated use over a period of days. 
Eckenhoff and Norton®™ noted that after 
a patient with terminal carcinoma of the 
lung with metastasis had received 5 mg. 
levorphan with 0.5 mg. levallorphan for 
several days, pain was controlled but the 
patient became semistuporous and_ the 
medication had to be discontinued. Fraser, 
Van Horn, and Isbell®* have described the 
administration of nalorphine-morphine mix- 
tures (1:3, 1:10, 1:15) to postaddict sub- 
jects for periods of 30 days. “Patients liked 
these mixtures for the first two or three 
days, but thereafter progressively disliked 
them; because after several days, mild ab- 
stinence symptoms developed after each in- 


* Anectine. 


Clinical Pharmacology 
and Therapeutics 


jection and the characteristic morphine-like 
euphoria did not materialize.” ‘They con- 
cluded that the mixtures might be satisfac- 
tory for treating acute pain but not for 
chronic pain. 

The foregoing material may be summar- 
ized as follows: Mixtures of narcotics and 
antagonists given to normal volunteers de- 
press respiration as much as or slightly less 
than the narcotic alone. When these mix- 
tures are injected in patients who have had 
narcotic premedication or who have had 
recent prior experience with narcotics, how- 
ever, respiratory depression fails to appear 
or is slight. A similar effect can be obtained 
by first administering a single dose of an- 
tagonist in order to block the respiratory 
depressant effects of subsequent doses of 
narcotics. The latter technique has more 
appeal to the reviewers. The use of mix- 
tures of narcotic and antagonist does not 
seem applicable to the treatment of chronic 
pain. 

3. Other respiratory stimulants. It is not 
in the province of this review to discuss 
the use of nonspecific analeptics or stimu- 
lants upon narcotic-depressed respiration. 
Several reports, however, deserve comment. 
Stroud, Lambertsen, and _ associates?** 
studied the effects of a combination of 
meperidine and aminophylline upon res- 
piration as well as that of aminophylline 
alone. They observed that 3 or 6 mg. per 
kilogram doses of aminophylline given in- 
travenously increased the respiratory min- 
ute volume 46 and 98 per cent and believed 
that this was caused by an alteration of the 
central response to carbon dioxide. They 
also noted that if 150 mg. meperidine was 
injected intramuscularly at the same time 
6 mg. per kilogram aminophylline was in- 
jected intravenously, respiration and the 
respiratory response to carbon dioxide was 
essentially unaltered. They concluded that 
aminophylline “neutralized” the depressant 
action of meperidine on the respiratory 
center. It is of interest that none of the 
other side effects of meperidine were al- 
leviated. 

Becker, Nassr, and Schwab"® studied the 
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effects of morphine and levorphanol upon 
respiration in 50 normal volunteers and 
compared the respiratory response of simul- 
taneously administered combinations of the 
two narcotics with two theophylline deriva- 
tives, nikethamide,* and the narcotic an- 
tagonists. Aminophylline and nikethamide 
proved superior to the antagonists in pre- 
venting respiratory depression from the 
narcotics. 


Factors that tend to augment respiratory 
depression from narcotics. The following 
discussion is an attempt to examine and 
define some of the factors that increase re- 
spiratory depression from narcotics. 


A. DIMINUTION OF RESPIRATORY RESERVE. 
1. Age. Because of the fear of respiratory 
depression, many physicians arbitrarily re- 
duce the dose of narcotic in adults above 65 
years of age. One of the reasons for an 
increased incidence of respiratory depres- 
sion in this group is a diminished respira- 


tory reserve. This is occasioned by an in- 
crease in dead space, a reduction in vital 
capacity, a limitation of chest wall excur- 
sion, and a higher incidence of chronic 
bronchitis with consequent accumulation 
of thick secretions. Tenney and Miller?** 
have observed a 55 per cent increase in 
anatomic dead space in the elderly, prob- 
ably as a result of relaxation of tracheal 
and bronchial walls. They have also noted 
a carbon dioxide gradient of 2 mm. Hg 
between alveolae and arterial blood which 
they believe is evidence for increased al- 
veolar dead space. The tendency in the eld- 
erly toward the development of emphysema 
with a further increase in dead space is 
great. Monroe'®* recorded an incidence of 
pulmonary emphysema of 8 per cent in pa- 
tients in the 61 to 65 year age group, in- 
creasing to 22.5 per cent in the 81 to 85 
year age group. 

The elderly compensate for these changes 
by an elevation of minute volume of res- 
piration, primarily through an increase in 
respiratory rate. Tenney and Miller*** ob- 
served respiratory rate and minute volume 


*Coramine. 
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to increase from 11.4 per minute and 3.54 
L. per minute in the third decade to 20.2 
per minute and 5.9 L. per minute in the 
ninth. By this means alveolar Pco, levels 
are kept within normal limits. It is ap- 
parent, then, that the elderly person has 
called into play many of his compensa- 
tory mechanisms. If narcotics abolish or de- 
press these compensations, a respiratory 
effect greater than usual might be antici- 
pated. Morphine is more likely to depress 
an elevated respiratory rate than a normal 
one; tidal volume would be affected as it 
usually is but minute volume would be 
appreciably more reduced because of 
the diminished rate; bronchoconstriction, 
as presumably normally occurs, might be 
absent because of calcification of tracheal 
and bronchial rings; cough to clear secre- 
tions would be depressed and air flow 
would be impeded, adding to poorer alveo- 
lar ventilation. These alterations lead to less 
efficient dead space ventilation which hin- 
ders exchange of carbon dioxide and oxy- 
gen. While there are no data to indicate 
that the respiratory center of the elderly is 
less sensitive to carbon dioxide, there are 
reasons to suspect diminished responsive- 
ness. As will be discussed, the emphysema- 
tous patient with a chronically raised alveo- 
lar Pco, is less sensitive to carbon dioxide 
stimuli. Kety'** has noted a lowered cere- 
bral blood flow, an increase in cere- 
brovascular resistance, and a diminution 
in cerebral oxygen consumption. These 
changes plus cerebral arteriosclerosis might 
interfere with the blood supply to the re- 
spiratory center sufficiently to impair that 
area’s reactivity and augment the response 
to depressants. 


There are no data on the relative inci- 
dence of narcotic-induced respiratory de- 
pression in the elderly as compared with 
other age groups. Such comparisons would 
be worth while. While most physicians 
accept as fact a higher incidence of such 
complication, there are some not so im- 
pressed. Schumann and McCall,?°* for in- 
stance, have been accustomed to injecting 
subcutaneously 15 mg. morphine with 1.2 
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mg. scopolamine in elderly women for vagi- 
nal operations as the sole or principal 
anesthetic and observed “no problems.” 
One would suspect that pain perception by 
the patient might act as a narcotic antago- 
nist so far as respiratory depression was 
concerned. 

The elderly vary in their response to de- 
pressant drugs. Probably a more accurate 
prediction of reaction of these patients is 
by their physiologic rather than chrono- 
logic age. One would anticipate that the 
elderly person who is physically and men- 
tally active, who has minimal structural 
pulmonary changes, and who is not afflicted 
with chronic pulmonary disease such as 
bronchitis might respond no differently to 
narcotics than do most younger adults. The 
elderly might, however, require less narcotic 
for pain relief than the young, because 
their philosophical outlook on life makes 
them more tolerant of pain. On the other 
hand, it would be the inactive geriatric 
patient with chronic pulmonary disease or 
structural changes who might respond un- 
desirably to a narcotic. 

2. Pulmonary disease. Diseases of the 
lungs may reduce respiratory reserve and 
increase “sensitivity” to narcotics. Patients 
with pulmonary emphysema have been sub- 
jected to careful study. and analysis. These 
studies have revealed a chronically elevated 
alveolar Pco,, the elevation being directly 
proportional to the severity of the dis- 
ease, and a diminished respiratory re- 
sponse to further elevations of carbon di- 
oxide.?:186,191,230,237,259 Dulfano, Mack, and 
Segal®* postulated that, because of the ele- 
vated Pco,, a narcotic antagonist should 
be a specific respiratory stimulant effective 
in treating respiratory acidosis under these 
circumstances. However, when Tenney and 
Mithoefer**? investigated this possibility, 
they observed that nalorphine not only led 
to respiratory depression and elevation of 
Pco, but also further diminished the re- 
sponsiveness of the center to a carbon 
dioxide stimulus. Wilson, Hoseth, and 
Dempsey”® investigated the effects of mor- 
phine 10 mg. and of phenobarbital 60 mg. 
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in a group of 26 patients with pulmonary 
emphysema and observed statistically sig- 
nificant respiratory depression, elevation of 
alveolar Pco,, decrease in hemoglobin oxy- 
gen saturation, and decrease in arterial 
blood pH. They concluded: “In the pa- 
tient with severe chronic pulmonary em- 
physema, these drugs are dangerous even 
in small doses because they depress the 
respiratory rate and lead to uncompen- 
sated respiratory acidosis. .. .” 

Emphysema might be considered as one 
example of diseases that affect alveolae 
leading to an elevation of arterial Pco,. 
Any other disease that interferes with al- 
veolar ventilation and exchange of gases 
between alveolus and pulmonary capillaries 
would operate similarly. Response to nar- 
cotics would also be comparable.1®? Pneu- 
monia is an additional example. Davis*4 
gave 10 to 18 mg. morphine to 20 patients 
with lobar pneumonia and observed that 
arterial oxygen saturation declined in 16, 
the reduction averaging 5 per cent with a 
maximum of 21.3 per cent. 

Bronchial asthma is another pulmonary 
disease in which patients respond poorly 
to narcotics; deaths following the adminis- 
tration of therapeutic doses of morphine to 
patients experiencing an asthmatic attack 
have been common.!2°:239,241,244 While mor- 
phine has been the principal offender, 
meperidine does not seem to have been 
innocuous.!>?:166 McDermott and Papper?” 
have reported 6 case histories of anesthe- 
tized patients who have had asthmatic at- 
tacks precipitated by the intravenous 
administration of meperidine. Most clinical 
reports have attributed death in patients 
with asthma given narcotics to broncho- 
constriction but investigations have not al- 
ways shown this to be fact. Higgins and 
Means!°8 did find a reduction in dead 
space which probably represented broncho- 
constriction. Mitchell and DeJong!®* and 
Mitchell and Cooke!® have investigated 
excised human and canine bronchial rings 
and observed that morphine did not pro- 
duce bronchial constriction unless acetyl- 
choline was added. Nalorphine had the 
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same effect as morphine, whereas codeine, 
dihydromorphinone, and meperidine did 
not. Similar results have been found in ex- 
cised animal or human tracheal tissue by 
Adriani and Rovenstine? and by Fink and 
Akiyama.*® As mentioned earlier, Shemano, 
Wendel, and Katinsky?!2 have recently 
demonstrated that morphine and meperi- 
dine do not differ in their ability to produce 
bronchoconstriction in the dog. 

Doubts have been expressed that bron- 
choconstriction is the cause of aggravation 
of respiratory distress after narcotics in 
asthmatic patients. Henriksen!” reported 
that 15 of 702 asthmatic patients admitted 
to a Danish hospital died shortly after ad- 
mission. Ten of the 15 had received mor- 
phine or similar narcotic within several 
hours prior to hospitalization. The clinical 
picture was that of respiratory failure with- 
out evidence of severe status asthmaticus. 
Postmortem findings revealed the bronchi 
to be almost totally occluded by sticky 
secretions. Thickening of secretions together 
with a depressed will or ability to cough 
could lead to a reduction in alveolar venti- 
lation. Such a mechanism was postulated 
as being responsible for 3 cases of “mor- 
phine poisoning after therapeutic doses of 
morphine” in patients with bronchial 
asthma. One of the patients died.11* These 
clinical and pathologic findings confirm 
those of Hibma and Curreri,!® made in a 
patient with bronchopleurocutaneous fis- 
tula, that mixtures of morphine and bella- 
donna drugs prolonged the appearance of 
dye in the sputum by nearly 100 per cent. 
Narcotics seem to possess a “drying” effect 
independent of the belladonna derivative. It 
would appear, therefore, that combination 
of a narcotic and a belladonna drug under 
these circumstances might augment “dry- 
ing” and make the secretions doubly 
hard to move. However, Weinberg and 
Sensiba®® have reported the use of 5 
‘mg. methadone (or 50 mg. meperidine) 
with 0.4 mg. scopolamine intravenously 
as an emergency treatment for status asth- 
maticus in 100 patients without adverse 
response. 
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Wells*5? measured the airway resistance 
of patients with bronchial asthma and 
found that the mean airway resistance was 
markedly elevated—in some cases almost 25 
times normal, presumably due to con- 
stricted air passages and retained secretions. 
Inspiratory resistance was found to be al- 
most as high as expiratory resistance. He 
concluded that therapeutic measures must 
be directed toward lowering this resistance 
to air flow. Any measure that diminishes 
respiratory drive without decreasing the 
resistance to air flow predisposes to respira- 
tory failure. Since narcotics would lower 
an elevated respiratry rate, diminish effec- 
tive alveolar ventilation, reduce dead space 
which must represent bronchoconstriction, 
and depress the sensitivity of the respiratory 
center to the carbon dioxide stimulus, the 
possibilities of precipitating further trouble 
are great.15° When a narcotic has been indi- 
cated in bronchial asthma, meperidine or 
similar drug seems to have been preferred 
clinically because of an assumed lessened 
predisposition to smooth muscle constric- 
tion. However, meperidine has been shown 
to produce bronchial constriction in the 
dog and, as will be discussed, it also is a 
potent liberator of another constrictor sub- 
stance, histamine, as judged from cutaneous 
injection in man. Therefore the possibilities 
of further respiratory embarrassment after 
meperidine should not be overlooked. Per- 
haps this accounts for the observations 
of McDermott and Papper’? previously 
mentioned. 

Narcotics are potentially dangerous in 
bronchial asthma but not just from bron- 
choconstriction. Apparently other actions of 
these drugs upon respiration may contribute 
to inadequacy or failure of breathing. 

3. Chest deformities. Congenital or ac- 
quired deformities of the chest may like- 
wise reduce the respiratory reserve and 
predispose to catastrophe after narcotics. 
Kyphoscoliosis has been considered a con- 
dition in which patients are hypersensitive 
to narcotics.7712.145 These patients cannot 
be considered hypersensitive in the strict 
sense of the word. Rather they are unable 
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to compensate for even slight additional 
respiratory depression. Bergofsky'® has pre- 
sented abundant data demonstrating the 
degree of cardiorespiratory failure in 
kyphoscoliosis. The narrow margin by 
which compensation is maintained is evi- 
dent from the data. Depression of res- 
piration, therefore, has great significance 
however produced. Fishman* finds little 
difference in alveolar hypoventilation 
whether it be caused by kyphoscoliosis, 
ankylosing spondylitis, or obesity. The re- 
sponses to narcotics by patients with these 
syndromes should be the same. Katz and 
Chandler!*® and Fischer and Dolehide*® 
agree that it is the effects of kyphoscoliosis 
upon alveolar ventilation that make pa- 
tients with this disease intolerant of nar- 
cotics. Similar reasoning might be applied 
to the numerous reports concerning the 
hypersensitivity to narcotics of patients with 
cor pulmonale coincident with or independ- 
ent of kyphoscoliosis.*® 17°. 196200,218 
Cyanosis and dyspnea. The administra- 
tion of narcotics to cyanotic or dyspneic 
patients must be considered carefully. Pa- 
tients with certain diseases manifesting 
these symptoms may obtain relief by nar- 
cotics whereas in patients with other dis- 
ease entities with the same symptoms, 
narcotics may lead to disaster. Although 
there is at least one report claiming an in- 
creased sensitivity to narcotics during hy- 
poxia,'** the data are unimpressive. If 
cyanosis is caused by pulmonary insuffici- 
ency, narcotics are contraindicated. But if 
the cyanosis is a product of congenital heart 
disease, there is evidence that narcotics 
may be indicated under certain circum- 
stances. Taussig?®? believes that a child 
with cyanotic congenital heart disease tol- 
erates 1.0 mg. per 5 kilograms of body 
weight of morphine well. She has observed 
that infants with paroxysmal dyspnea, un- 
conscious and apparently near death be- 
cause of oxygen want induced by crying or 
excitement, have regained consciousness, 
improved in color, and become ambulatory 
within % hour after receiving morphine. 
This Taussig attributes to the metabolic de- 
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pressant effect of morphine. Specific data 
on this action are lacking. 

One must also differentiate between the 
compensatory dyspnea of oxygen want and 
the purposeless dyspnea seen with certain 
cardiac disorders. Under the latter circum- 
stances, pulmonary ventilation is adequate, 
oxygen levels within normal limits, and the 
Pco, below normal. Anesthetics such as tri- 
chloroethylene® or ethyl ether! produce 
comparable tachypnea with the agents driv- 
ing respiration by direct or reflex effects. 
Under these circumstances during anesthe- 
sia or disease, small doses of narcotics may 
depress the respiratory center, thus raise the 
threshold to either the carbon dioxide or 
pH stimulus, and depress the reflexes that 
are driving respiration. Pulmonary ventila- 
tion then returns to a more normal pattern. 
Patients with cardiac dyspnea may be 
greatly benefited by narcotics for this 
reason. 

B. COMBINATION WITH GENERAL ANESTHET- 
ics. Narcotics administered to an anesthe- 
tized patient or to one recovering from a 
general anesthetic are likely to cause a 
different respiratory effect than if the same 
dose of drug were given to the same patient 
in a normal state. This observation was 
apparently first made by Nussbaum"! in 
1863, who noted that a dose of morphine 
given during chloroform anesthesia would 
allow completion of the operation without 
further administration of chloroform. The 
same dose of morphine several days later in 
the postoperative period produced only the 
usual narcotic effect. Similar observations 
were made by Bernard" in animals from 
which came the practice of administering 
narcotics prior to anesthesia. While these 
data primarily concern the effect of nar- 
cotics upon the central nervous system, they 
apply to respiration as well. Narcotic pre- 
anesthetic medication, followed by an an- 
esthetic that is not strongly stimulant to 
respiration (e.g., cyclopropane or thiopen- 
tal'®?) commonly leads to apnea. The signi- 
ficance of this observation is strengthened 
by data that show a smaller concentration of 
anesthetic is needed to obtain a given plane 
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of anesthesia if a narcotic has been given.2** 
Others** have denied this to be true. Appre- 
ciable respiratory depression does not ap- 
pear with cyclopropane without preanes- 
thetic narcotic except as anesthesia deepens. 
On the other hand,**!2! narcotic premedi- 
cation prior to ethyl ether and trichloro- 
ethylene anesthesia is likely to result in a 
slower, more regular respiration than if the 
narcotic is omitted. 

If a usual therapeutic dose of narcotic 
is administered intramuscularly or intra- 
venously to anesthetized patients, serious 
respiratory depression or apnea will occur 
in a high proportion of cases.24:!21 Immedi- 
ately before and during anesthesia the dose 
of narcotic should be reduced. Observa- 
tions have also been made that therapeutic 
doses of narcotics given to patients who 
have reacted incompletely from general 
anesthesia will frequently lead to reanes- 
thetization of the patient, marked respira- 
tory depression, and hypotension.®2:61.198 
The latter phenomenon has been classified 
as a hazard of the immediate postoperative 
period.*® Comparable responses have been 
noted after narcotics have been given to 
patients under the influence of alcohol. 
Moller'®™ calls attention to 7 deaths result- 
ing from the simultaneous presence of alco- 
hol and morphine or barbiturate. Neither 
drug ,alone should have caused death in 
his opinion. Moller’ estimated that the 
blood concentration of alcohol at the time 
of the morphine injection was between 2.2 
and 2.7 per cent and that 0.3 to 0.4 mg. 
per kilogram of morphine was lethal. 

The reasons for such exaggerated re- 
sponses are not readily apparent. The 
effect cannot be considered merely additive 
but more likely is synergistic. Eckenhoff and 
Helrich*®® have shown that the respiratory 
response to endogenously accumulated 
carbon dioxide is progressively diminished 
by the successive addition of narcotic, thio- 
pental, and nitrous oxide and that this re- 
sponse is reversed by subsequent elimina- 
tion of nitrous oxide. Under the influence 
of the triple combination, and in a light 
plane of anesthesia, the respiratory response 
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to high concentrations of carbon dioxide 
was slight. The question is raised that pos- 
sibly an inhalant anesthetic might alter 
cell permeability or cell response so that 
the effect of a given blood stream con- 
centration of narcotic might be intensified. 
This is only one of the alternatives. Thio- 
pental and nitrous oxide may also produce 
a condition comparable to the previously 
mentioned diminution in sensory input by 
spinal anesthesia and thiopental, thereby 
leading to an exaggerated respiratory de- 
pression by the narcotic. 

C. COMBINATION WITH PHENOTHIAZINES. 
Early data suggested that respiratory de- 
pression from a narcotic might be prevented 
or abolished by combination of the narcotic 
with a phenothiazine derivative.'**:'** Sub- 
sequent work does not seem to have con- 
firmed this claim and_ suggests that 
phenothiazine drugs either intensify re- 
spiratory depression from narcotics or do 
not affect breathing at all. Fraser and Is- 
bell*® gave 10 and 30 mg. of morphine 
alone or in combination with chlorpro- 
mazine, 25 mg. intramuscularly or 50 mg. 
orally, and found that the respiratory de- 
pression induced by morphine was not 
altered in any way by combining the drugs. 
Lambertsen, Wendel, and Longenhagen,'** 
however, gave chlorpromazine (25 mg. per 
70 kilograms) and meperidine (100 mg. 
per 70 kilograms) alone and in combina- 
tion to 6 normal volunteers and observed 
respiration stimulated with carbon dioxide 
controlled at 46 mm. Hg alveolar Pco,. 
They observed that the maximal respiratory 
depression from the combination did not 
occur for 1% hours after injection (as com- 
pared to 1 hour with meperidine alone) 
but that at 3% hours the depression was 
still close to its maximal value. At 3% hours 
the effects of meperidine alone had de- 
clined to approximately half the maximal 
value. They observed further that the ac- 
tion of the combination was chiefly one 
upon respiratory rate with no additional de- 
pression of tidal volume. The authors 
thought the enhanced respiratory depres- 
sion was not an effect of summation of drug 
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actions and have discussed the possible 
causes. The most attractive suggestion to 
the reviewers was that chlorpromazine led 
to a reduction in the rate of meperidine in- 
activation and thus to more intense and pro- 
longed action. Egbert and _associates,®® 
however, were unable to detect an intensifi- 
cation by promethazine of the respiratory 
depressant effect of meperidine, either in a 
group of volunteers or in a blind clinical 
study. 

D. MUSCULAR RELAXANTS. While there are 
no indications that narcotics act upon the 
neuromuscular junction, or that muscle re- 
laxants definitely act centrally, there are 
data concerning the simultaneous effect of 
the two drugs upon respiration. Zaimis 
and Cannard* have obtained evidence in 
man that postanesthetic apnea following 
the use of the two drugs may be more often 
due to the narcotic than was previously 
appreciated. Such distinction was made by 
demonstrating that after light thiopental 
and nitrous oxide anesthesia with sufficient 
succinylcholine to produce apnea, respira- 
tory exchange had always returned by the 
time the neuromuscular junctien responded 
to a nerve stimulus. However, if a narcotic 
had also been given as part of the anes- 
thetic, respiratory exchange did not return 
until after the neuromuscular junction was 
functioning properly. This suggests that a 
narcotic antagonist may be of use in com- 
bating postanesthetic apnea or respiratory 
depression when narcotics as well as relax- 
ants have been used and thé apnea has 
failed to respond to a muscle relaxant 
antagonist. 

These observations, while d°’ + and 
quantitative, are neither unexpected nor 
surprising. The technique of so-called “con- 
trollable apnea” utilizing narcotics and 
muscle relaxants**.*1.82 is the clinical adap- 
tation of this idea. In this technique, the 
action of each agent is specifically counter- 
acted by an antagonist. Those who would 
advocate this technique,!*° however, should 
also point out that although specific an- 
tagonists exist for the narcotics, they are 
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not always reliable and the antagonists for 
relaxants are not effective in counteracting 
the myoneural blocking effect of all clin- 
ically available relaxants.1"* 


Circulation 


The actions of narcotics upon the cardio- 
vascular system have received less attention 
than have the effects upon respiration. In 
1933, Schmidt and Livingston?®* wrote: “It 
is somewhat surprising to find very little 
satisfactory information in the literature 
upon the subject of the circulatory actions 
of a drug that is as widely used as mor- 
phine. These actions are usually regarded 
as unimportant, yet there is abundant evi- 
dence to indicate that morphine is a power- 
ful depressor agent if it is injected intra- 
venously.” Kreuger, Eddy, and Sumwalt1#6 
observed in 1941 that “changes in heart 
rate and blood pressure beyond what would 
be expected to accompany the narcosis... . 
[were] noted so frequently in animals and 
man that eventually a large number of in- 
vestigations have been carried out to as- 
certain the degree and mechanism of such 
effects.” 

The principal consequence of narcotic 
action upon the circulation is hypotension. 
This has been demonstrated as a complica- 
tion following the use of morphine in man 
as well as in animals.1°* It appears less ap- 
preciated, however, that this is a common 
effect of all narcotics. Hypotension follow- 
ing meperidine is often ignored or denied, 
yet, from the earliest use of. this syn- 
thetic, alarming hypotension after intra- 
venous or intramuscular injection was 
reported.!?:18:20,90,214 A résumé of the clini- 
cal reports of hypotension from the various 
narcotics in obtainable elsewhere.** 

Of more practical significance for present 
purposes would be a comparison of the 
incidence of hypotension produced by the 
various narcotics, since all share this poten- 
tial. However, comparative data are lack- 
ing and few narcotics have been tested in 
a manner which allows comparison. As 
with the investigation of narcotics and 
respiration, studies of circulatory effects 
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have been in normal volunteers, in whom a 
minimal response has been found unless 
stress has been placed upon the circulation. 
Papper and Bradley!™ were unable to de- 
tect a change in blood pressure in 4 normal 
subjects lying supine and given 10 mg. of 
morphine intravenously. When Drew, 
Dripps, and Comroe*? injected 10 to 30 
mg. of morphine in 49 supine subjects and 
patients, no significant change in blood 
pressure was measurable. Likewise, Den- 
ton and Beecher,** studying the side effects 
from morphine and 3 methadone deriva- 
tives in two groups of 28 and 29 normal 
subjects lying supine, failed to see a signifi- 
cant change in blood pressure. King, Elder, 
and Dripps,'** did not observe a statistically 
significant change in blood pressure in 26 
subjects and patients given 100 to 150 mg. 
meperidine intravenously. McCall and Tay- 
lor! saw only a slight decline in mean 
arterial blood pressure when 24 to 32 mg. 
of morphine was injected subcutaneously in 
7 normal parturients. Similar data were 
obtained in normal subjects by Moyer, Mor- 
ris, and Pontius’® after the injection of 60 
mg. morphine. Wikler, Fraser, and _Is- 
bell,?5* recorded a slight increase in blood 
pressure in a group of postaddiction sub- 
jects given 5 to 15 mg. nalorphine 
intramuscularly. 

Even in patients who are ill and yet who 
remain supine, decrease in blood pressure 
from narcotics is not frequent. Starr and 
his associates?!® gave 10 or 15 mg. mor- 
phine subcutaneously to 7 patients who 
had heart disease but were not seriously 
ill. The average circulatory changes were 
not statistically significant. They also gave 
15 to 30 mg. morphine to 8 patients with 
severe cardiac disease although none had 
congestive failure. Again changes in blood 
pressure were not significant. 

To date the most commonly employed 
stress in the study of narcotic action upon 
the circulation has been use of the force of 
gravity by standardized “tilt table” tests. 
Such tests have been used clinically to test 
the adequacy of the circulation® as well as 
an investigational method. The first at- 
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tempt to study the relationship of the posi- 
tion of the body to the competence of the 
circulation was apparently that by Hill‘ 
in 1895. His experiments in dogs were ini- 
tiated by clinical observations that severe 
hypotension in erect patients could be re- 
lieved when they were placed recumbent. 
Weiss, Wilkins, and Haynes*! introduced 
body tilt as a method of studying the effect 
of sodium nitrite upon the circulation and 
subsequently showed**’ that the hypoten- 
sion produced by the nitrite occurred as a 
result of pooling of blood in the peripheral 
vascular bed with consequent cerebral 
anemia. When Batterman?! and Prescott'** 
examined the syncope that followed injec- 
tion of meperidine in upright patients, they 
noted the similarity of the response to that 
reported to follow the injection of sodium 
nitrite. 

Drew, Dripps, and Comroe*? were the 
first to use the tilt test as a means for 
studying in man the effect of narcotics 
upon the circulation. When they injected 
12 to 30 mg. morphine intramuscularly in 
25 subjects and tilted them 75 degrees to 
the head-up position, 44 per cent fainted 
or showed signs of imminent circulatory 
collapse as compared to 8 per cent who 
demonstrated the same response prior to 
the morphine. When the 11 “fainters” 
had their legs bandaged and were tilted 
again, only those 2 who had fainted on 
the control tilt did so again. Marked hypo- 
tension occurred in each of the fainters. 
The authors concluded that morphine led 
to peripheral vascular dilatation and pool- 
ing of blood with resultant cerebral anemia. 
They warned against the use of morphine 
in patients in shock or those who were to 
assume an upright position. 

King, Elder, and Dripps'* used the 
same method in studying the effect of 100 
and 150 mg. meperidine intravenously in 
26 normal subjects or hospital patients. 
They observed only 6 instances of fainting 
or hypotension after meperidine as com- 
pared with 2 such reactions during the con- 
trol tilt. Studies employing the same tech- 
nique with minor variations have been re- 
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ported for nalorphine,®’ for dihydroco- 
deine, for anileridine,®?52 and for alpha- 
prodine and combinations of alphaprodine 
or meperidine and_levallorphan.?'* All 
these studies except the one for alpha- 
prodine*!* have shown that hypotension 
after tilt is more common after the in- 
jection of narcotics than before. It is of 
interest that levallorphan did not coun- 
teract the circulatory effects produced by 
meperidine.?"* 

While, superficially, data from the tilt- 
table tests may look convincing, their in- 
terpretation is not easy. Many factors can 
influence the results of this test, including: 
environmental temperature, apprehension, 
the state of digestion, lack of sleep, fear of 
vomiting and “making a spectacle of one’s 
self,” previous experience with the test, and 
pain at the site of arterial puncture for 
intra-arterial manometry. The interpreta- 
tion of nausea and vomiting with the tilt is 
also not clear. Although assumption of the 
upright position increases the incidence of 
vomiting,** this may be precipitated by 
hypotension, but it may appear independ- 
ently of hypotension. The action of other 
drugs given the patient before or during the 
studies may also affect results. As was 
noted in the section on respiration, studies 
of narcotic action are sometimes performed 
on patients given the narcotic for preanes- 
thetic medication. It is appropriate to 
point out that atropine predisposes to hypo- 
tension after tilt.1?5.164 


Severe hypotension, fainting, or vomit- 
ing would appear to be a rather extreme 
end point to have to obtain to investigate 
any drug even though such a test dupli- 
cates in patients conditions imposed by 
standing, sitting, steeply reclining, or other 
sudden changes in body position. These 
same reactions remove the test from among 
those that can be used with ease clinically. 
Also the mechanism of hypotension follow- 
ing change in body position?! is not clear. 
A method that would be less hazardous, 
associated with less subjective symptoms, 
and be less time consuming would be profit- 
able, Perhaps the Valsalva maneuver would 
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serve this purpose.'!!* Comparative data are 
needed. 

Hypotension after narcotics can be pro- 
duced by one or more cardiovascular ac- 
tions. These include: (1) peripheral vas- 
cular dilatation, (2) direct depression of 
the vasomotor center, and (3) direct myo- 
cardial depression. These possibilities will 
be considered separately. 

I. Vasodilatation. Schmidt and Living- 
ston?°* concluded from their observations of 
the effect of morphine upon the dog’s cir- 
culation that the primary factor responsible 
for hypotension was a dilatation of cuta- 
neous and muscular blood vessels by a di- 
rect action of the narcotic upon their walls. 
Other narcotics appear to act in similar 
manner.'!!* The evidence accumulated from 
man does not appear to contradict this con- 
clusion. Drew, Dripps, and Comroe** 
showed that hypotension after tilt could be 
prevented by bandaging the subject’s legs. 
They thought this minimized peripheral 
vascular pooling of blood and maintained a 
more effective circulating blood volume, 
thus preventing cerebral anemia. While 
there are no contradictory data, there ap- 
pear few other confirmatory data of a di- 
rect vasodilator action in man. One could 
obtain indirect evidence from temperature 
recordings, but these too are lacking. With 
peripheral vasodilatation, skin temperature 
should rise and body temperature should 
decrease. No recording of skin temperature 
can be found but body temperature does 
decline.1** The reduction is not great, how- 
ever, and could be due to decreased bodily 
activity and diminished metabolic rate. 
Further measurements of this parameter are 
required. Data might also be obtained by 
plethysmography or by measuring muscle 
blood flow with radioactive substances. 


If one accepts peripheral vasodilatation 
and pooling of blood as the mechanism for 
hypotension following narcotics, then a 
method for treating such hypotension is 
readily apparent. If postural hypotension 
can be treated by assumption of the recum- 
bent position, hypotension occurring after 
narcotics in the recumbent position should 
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be amenable to treatment by raising the 
legs. This would return blood to the ef- 
fective circulation and raise the blood pres- 
sure. Peterson, Eather, and Dripps'”® 
have shown this to be worth while in treat- 
ing shock under some circumstances. 
Histamine liberation. Several clinicians 
have noted histamine responses in patients 
who have had sudden severe hypotension 
and collapse following narcotics.?7:262 While 
such reactions may suggest a relationship 
between narcotics and histamine release, 
they do not prove it. The reviewers have 
many times noted wheals along veins into 
which narcotics have been injected with- 
out detectable change in blood pressure. 
Narcotics do have the ability to cause the 
release of histamine’*!; the amount re- 
leased is dependent upon the dose of nar- 
cotic, and the incidence of such release is 
not the same for all narcotics.5*;** Feld- 
berg and Paton* noted the absence of, or 
slow recovery from, hypotension after nar- 
cotics was different from that noted after 
other histamine liberators. They also ob- 
served that less histamine was detectable 
after morphine-induced hypotension than 
would be found after hypotension induced 
with other histamine liberators. They con- 
sidered this evidence for other depressor 
action of narcotics. Schacter?°* has _re- 
marked upon the similarity between 
meperidine, atropine, and quinine in so far 
as their potential for releasing histamine is 
concerned. Finer and Partington’ ob- 
served the “triple response” in patients 
given subcutaneous and intravenous mep- 
eridine and thought it less likely to appear 
with subsequent injections for the next 24 
hours after it had been produced once. 
They also noted that prior administration 
of antihistaminics blocked the response. 
Gershon and Shaw*® presented data from 
dogs to suggest that the initial hypotensive 
response to a narcotic might be related to 
a simultaneous release of histamine. If this 
were not liberated at the time of injection 
but was released later, hypotension did not 
appear and in fact an elevation in blood 
pressuré was sometimes seen. This would 
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agree with earlier observations by Feld- 
berg and Paton™ in cats that the release 
of histamine following narcotics is “an ex- 
plosive” one if hypotension occurs. Christie 
and associates** noted, “In cases of mor- 
phine overdosage in man there is often an 
accompanying fall in blood pressure. There- 
fore it is interesting to note that when 
cyclizine was given intravenously to our 
patients after the administration of large 
doses of morphine (up to 100 mg.), there 
was a rise in blood pressure in every case.” 
One of the most interesting observations 
has been that of Van Arman and Sturte- 
vant**° who noted that meperidine injected 
intravenously in dogs anesthetized with 
pentobarbital produced a steep fall in blood 
pressure within 20 seconds. Blood samples 
taken at the lowest point of fall were found 
by guinea pig test to contain large amounts 
of histamine. When blood pressure had re- 
turned to normal, histamine could not be 
found in samples withdrawn at that time. 
Diphenhydramine®* blocked the appearance 
of hypotension even though histamine 
could be demonstrated to be present. The 
dogs developed a tolerance to the pressure- 
lowering effects of repeated doses of mep- 
eridine, probably as a result of the deple- 
tion of histamine stores. These latter obser- 
vations confirm those of Schmidt and Liv- 
ingston,2°* who injected morphine rather 
than mepridine. In evaluation of data, how- 
ever, we must keep in mind species’ differ- 
ence in tissue susceptibility to histamine 
liberators.* 

From the foregoing two paragraphs one 
can conclude that hypotension following 
narcotics is at least in part associated with 
the liberation of histamine which leads to 
dilation of peripheral blood vessels and 
pooling of blood. 

2. Direct depression of the vasomotor 
center. Evans, Nasmyth, and Stewart," 
studying the hypotension produced by 4 
mg. per kilogram of morphine, injected in- 
travenously in cats, observed that the hypo- 
tension was only partially caused by his- 
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tamine release and was not completely 
blocked by antihistaminics. A central effect 
appeared to them to participate in produc- 
ing hypotension, but precise definition of 
that central effect has been lacking. Feld- 
berg and Paton” arrived at a similar con- 
clusion, and their reasons were presented 
above. Stross!** also suggested that mor- 
phine acted through the vasomotor center, 
the appearance of a depressor effect on this 
basis being masked by the stimulant ac- 
tions of accumulated carbon dioxide. There 
has been no confirmation of this sugges- 
tion but in view of the recent demonstra- 
tion of the ability of carbon dioxide to 
stimulate the sympathoadrenal mechan- 
isms,*** it might be worth re-examining. 
Wikler,”*> in reviewing the effects of mor- 
phine and related drugs upon the nervous 
system, could not find support for the idea 
that narcotics exerted a significant effect 
upon the vasomotor center. 

The action of narcotics upon the car- 
diac pressor reflexes, as from the carotid 
sinus, is likewise not agreed upon by all 
investigators.1°° Although there have been 
claims that these reflexes are enhanced by 
narcotics,'®* there appears to be no con- 
firmatory evidence. 

3. Direct myocardial depression. Schmidt 
and Livingston?°* concluded from their ex- 
tensive examination of the actions of mor- 
phine upon the circulation of animals that 
whereas morphine would depress the iso- 
lated heart, indicating a direct myocardial 
effect, the heart in situ was not affected by 
doses sufficient to cause marked fall in 
blood pressure. There are no observations 
in man to dispute this conclusion. Newer 
data from animals which suggest myocar- 
dial depression by narcotics include the fol- 
lowing: A similarity between meperidine 
and a group of drugs consisting of atropine, 
quinidine, procaine, and certain of the anti- 
histaminics has been noted.?* Quinidine 
and procaine directly depress myocardial 
muscle. One might assume that because of 
other similarities meperidine could also 
have this potential. Sugioka, Boniface, and 
Davis*** were able to demonstrate that 5 
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mg. per kilogram of meperidine in the in- 
tact dog anesthetized with pentobarbital 
produced a transient depression in myocar- 
dial contractility, an elevation of cardiac 
rate, and persistent hypotension. Larger 
doses produced severe hypotension pro- 
gressing to death. Calesnick, Smith, and 
Beutner?® demonstrated a synergism in rats 
between quinidine, meperidine, and _ pro- 
caine, and concluded that mixtures of these 
drugs were cardiotoxic. Their investigation 
was prompted by alarming reactions ob- 
served in patients who had been given this 
combination. Huggins, Seibert, and Bryan1"® 
believed that morphinized dogs require less 
potassium by infusion to cause a disappear- 
ance of P waves than do dogs under the 
influence of barbital. This has suggested to 
them that morphine increases the suscepti- 
bility of the heart to potassium ions. 


In addition to predisposing to hypoten- 
sion, narcotics may alter heart rate and car- 
diac output. 

Heart rate. Animals, and particularly 
dogs, develop bradycardia after the injec- 
tion of morphine.’** Such an effect has 
not been observed uniformly in man,'*° 
however. Papper and Bradley!” consid- 
ered the change in heart rate insignificant 
in 6 normal subjects lying supine and given 
10 mg. morphine intravenously. Denton 
and Beecher* saw statistically significant 
slowing of the pulse rate (7 beats per min- 
ute) in 29 subjects given morphine or three 
methadone derivatives. Wikler, Fraser, and 
Isbell?®* also noted a slight slowing of 
cardiac rate after the injection of 5 to 15 
mg. nalorphine in postaddict volunteers. 
Drew, Dripps, and Comroe,** however, - 
observed an average increase of 19 beats 
per minute in 19 supine subjects and pa- 
tients given 10 to 30 mg. morphine intra- 
venously, but when these doses were given 
intramuscularly to 30 patients there was 
no statistically significant change. One can 
conclude that morphine does not appre- 
ciably alter cardiac rate in man lying 
supine. 














Volume 1 
Number 4 





Meperidine does not appear to act in 
similar fashion. There are numerous obser- 
vations indicating an occasional striking 
and even alarming rise in pulse rate after 
meperidine. Johnstone!*! gave 50 mg. mep- 
eridine, intravenously, to 15 normal patients 
and noted, “slight increases—three or four 
beats—in the sinus rates of a few of the pa- 
tients, attributable to emotional factors; the 
sinus rates of the remainder were un- 
changed.” King, Elder, and Dripps'™* re- 
ported a statistically significant increase in 
pulse rate in 26 subjects given 100 to 150 
mg. meperidine intravenously. Harvey, 
Berkman, and Leonard! have presented 
the case records of 5 patients with auric- 
ular flutter in whom meperidine, 75 and 
100 mg., intramuscularly, produced an 
alarming increase in heart rate. Two other 
case records from patients with the same 
symptom complex treated similarly failed 
to display tachycardia. The authors caution 
against the use of this agent in patients 
with heart disease. Eckenhoff and Hel- 
rich,” in a blind study of preanesthetic 
medication, observed that narcotics (mor- 
phine, meperidine, and alphaprodine) led 
to a statistically significant increase in 
pulse rate more often than did a placebo 
or secobarbital. This increase was most 
notable with meperidine; 45 per cent of the 
patients given this drug for medication 
responded with a rise in pulse rate. It was 
necessary to cancel operation in one pa- 
tient with persistent tachycardia. There are 
no data to suggest that other drugs of the 
same chemical group (alphaprodine and 
anileridine) have the same _ potential.*?.°? 

The mechanisms by which these changes 
in heart rate are produced are not clear. 
In animals morphine leads to a slowing in 
part as a result of a stimulation of vagal 
centers and possibly by other central ef- 
fects as well.1°° Breckenridge and Hoff?! 
thought that the bradycardia might be due 
to a selective depression of the supramedul- 
lary centers suppressing autonomic reflexes. 
While one would expect the sedation seen 
after narcotics to slow heart rate, it is dif- 
ficult to know how important this is. Jones, 
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Price, Linde, and Dripps'** did not observe 
slowing of the heart rate until after pa- 
tients, premedicated with morphine, were 
anesthetized with cyclopropane. Those 
patients not given morphine prior to anes- 
thesia did not develop slower rates. John- 
stone’*! likewise called attention to the 
effect of the combination of cyclopropane 
and narcotic. He gave 100 mg. meperidine 
to 15 patients and then anesthetized them 
with cyclopropane. Sinoauricular nodal 
bradycardia was seen in 12 of the patients 
and atrioventricular nodal bradycardia in 
the other 3. The intravenous injection of 
atropine, 0.65 mg., was followed within 30 
seconds by the appearance of sinus tachy- 
cardia in every patient. 

These observations suggest that narcotics 
may increase vagal tone in normal persons, 
but that this is masked in an unknown 
manner. It is revealed only when the pa- 
tient is anesthetized with a substance such 
as cyclopropane. This response would 
agree with other data'*! that refute the 
claim that meperidine produces atropine- 
like or parasympatholytic effects.1°?°% If 
there were an atropine effect, one might 
expect tachycardia as does frequently ap- 
pear, but one would not expect a slowing 
after cyclopropane as seen with morphine. 
Also more of a vagolytic effect could theo- 
retically appear if meperidine was com- 
bined with atropine although there are no 
data on this. The data previously quoted 
from Eckenhoff and Helrich® were in pa- 
tients who did have atropine, but those 
from Harvey, Berkman, and Leonard'®! 
did not. 

Reduction in cardiac output. Starr and 
associates?!® observed minimal changes in 
cardiac output (ballistocardiograph) in 7 
patients with heart disease given 10 to 15 
mg. morphine subcutaneously. In 8 other 
patients with severe cardiac disease given 
15 to 30 mg. morphine by the same route, 
cardiac output diminished but not strik- 
ingly so. Papper and Bradley'*® noted no 
change in cardiac output, also by ballisto- 
cardiograph, in 4 normal subjects given 10 
mg. morphine intravenously and a rise in 
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2 other subjects, given the same dose of 
drug. Drew, Dripps, and Comroe*’ re- 
corded an increase in cardiac output, again 
by ballistocardiograph, in 6 of 7 normal 
subjects given 15 mg. morphine intraven- 
ously. They thought the increase was due 
to the elevation in heart rate because there 
was no change in stroke volume. Malt!** 
was unable to detect a change in the bal- 
listocardiogram in normal supine volun- 
teers given 10 mg. morphine. 

It appears again that in the normal pa- 
tient, as well as the one with some forms 
of cardiac disease, there is no significant 
alteration of cardiac output following the 
injection of morphine. Meperidine does not 
appear to have been studied in this regard. 

The action of narcotics on organ blood 
flow. There is scant evidence of an appre- 
ciable effect of narcotics upon the blood 
flow of any organ with the possible excep- 
tion of the kidney, so long as the hypoten- 
sive propensity of the drugs is taken into 
account. 

McCall and Taylor’! gave 24 to 32 mg. 
morphine subcutaneously to 19 pregnant 
women, 7 of whom were having a normal 
pregnancy and 12 of whom had pre- 
eclampsia. Cerebral blood flow was meas- 
ured by the nitrous oxide method before 
and after the morphine. In both groups 
morphine led to a slight reduction in mean 
arterial blood pressure, a slight rise in cere- 
bral blood flow, a corresponding slight in- 
crease in cerebral oxygen uptake, and a 
slight diminution in vascular ‘resistance. 
None of these changes were considered 
statistically significant. Keats and Mithoef- 
fer!’ propose that the elevation in cere- 
bral blood flow is a result of the increased 
arterial Pco, after morphine and that this 
leads to the rise in cerebrospinal fluid pres- 
sure commonly observed after morphine. 
Hyperventilation, with its consequent hypo- 
capnia and cerebrovascular constriction, 
causes cerebrospinal fluid pressure to di- 
minish. Nalorphine, by reversing respira- 
tory depression from narcotics, would be 
expected to cause a similar decline in Pco, 
and likewise to cause cerebrospinal fluid 
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pressure to fall. Keats and Mithoeffer!® 
observed this to be true. Moyer, Morris, 
and Pontius'®® gave 60 mg. morphine to 
normal subjects and also noted a slight but 
statistically insignificant increase in cere- 
bral blood flow with a concomitant diminu- 
tion in arterial oxygen and elevation in - 
carbon dioxide levels. With this large dose 
of morphine, they recorded a 50 per cent 
decrease in cerebral oxygen uptake. All of 
these changes were reversed by the intra- 
venous injection of 25 mg. nalorphine. 


Sokoloff,?!* reviewing the action of drugs 
upon the cerebral circulation, concluded, 
“On the basis of present evidence, it ap- 
pears that morphine and other similar nar- 
cotics have no significant direct action on 
the cerebral circulation but as a conse- 
quence of respiratory depression and car- 
bon dioxide retention, which frequently 
attends their administration, cerebral blood 
vessels may be dilated and flow increased.” 

The effect of narcotics upon coronary 
blood flow of either man or intact animals 
does not appear to have been studied. 
Kreuger and associates'** summarized the 
action of morphine on the perfused isolated 
heart and found that all experiments re- 
vealed coronary dilatation. 

Habiff, Papper, Bradley, and associates®** 
observed the effect on renal blood flow of 
100 mg. meperidine in 8 subjects and 10 
mg. morphine in 2 subjects. Effective renal 
plasma flow was decreased to a statistically 
significant degree from 24 to 50 per cent. 
These changes were interpreted as evi- 
dence of intrarenal vasoconstriction. 

Smythe and Gilmore?'* studied the effect 
of morphine, 1 mg. per kilogram, upon 
hepatic blood flow measured by the Brom- 
sulphalein method in dogs lightly anes- 
thetized with pentobarbital. There was no 
statistically significant change in hepatic 
blood flow, hepatic arteriovenous oxygen 
difference, splanchnic oxygen consumption, 
or splanchnic vascular resistance, The 
avoidance of narcotics in patients with liver 
damage is presumably on the basis of their 
diminished ability to metabolize ~ the 
drugs,®* rather than of an influence of the 
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narcotics upon hepatic blood flow per se. 
Whatever influence they have upon hepatic 
flow is probably dependent upon other ac- 
tions of the drugs such as vasodilatation 
and carbon dioxide accumulation. 

The effect of narcotic antagonists on the 
circulation. Nalorphine and _levallorphan 
produce essentially the same effects upon 
the circulation as do morphine and meperi- 
dine. Generally no striking change in blood 
pressure or pulse rate in patients or sub- 
jects lying supine and given from 5 to 25 
mg. nalorphine intramuscularly or intra- 
venously has been _ reported.8?:!15.141,257 
Eckenhoff, Elder, and King,*? however, re- 
corded observations from one volunteer 
given 10 mg. nalorphine intravenously, 
whose blood pressure declined from 125/75 
to 75/40 mm. Hg within 15 minutes with 
the subject remaining in the supine posi- 
tion. This subject fainted when tilted to 
the 60 degree head-up position as did an- 
other of 3 subjects given 5 mg. nalorphine 
intravenously. 

The hypotension produced by the injec- 
tion of large doses of narcotics is effectively 
counteracted by nalorphine or levallorphan, 
although the effect comes on more slowly 
than does the respiratory antagonistic ac- 
tion, 1:54,57,58,62,65,139 Pretreatment with nal- 
orphine or levallorphan does not appear 
necessarily to block hypotension from sub- 
sequently injected narcotics,**!¥ — even 
though the respiratory depressant effect of 
the narcotic was proved to be blocked. 


Factors tending to increase 
hypotension 


The action of narcotics upon the circula- 
tion is intensified under conditions similar 
to those augmenting the effect of narcotics 
upon respiration. 

Shock and circulatory stress. Narcotics 
given in the presence of circulatory stress, 
especially if that stress is associated with a 
lowered blood volume, are apt to produce 
a higher incidence of hypotension than 
usual. During hemorrhage or in shock, 
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blood pressure can be lowered further 
and resuscitation made more difficult be- 
cause of the vasodepressor effect of the 
drugs.*”:'*? Minimal doses of narcotics have 
been advised for pain relief under these cir- 
cumstances. However, Stone, Mackrell, 
Brandstater, Haidak, and Nemir?2* have 
made some interesting observations on the 
use of morphine in the relief of cerebral 
distress and hyperpnea accompanying 
hemorrhagic shock. Normal volunteers 
were bled 20 to 38 per cent of their esti- 
mated blood volume with a resultant re- 
duction in mean arterial blood pressure of 
48 to 59 per cent. In one subject under 
these circumstances, arterial Peco, de- 
creased from 36 to 19 mm. Hg, cerebral 
vascular resistance decreased from 2.3 to 
1.5 mm. Hg per milliliter per 100 grams 
brain per minute, and cerebral blood flow 
44 to 36 ml. per 100 grams brain per minute. 
After these measurements were made, 10 
mg. of morphine was injected intraven- 
ously. The arterial Pco,, rose to 25 mm. Hg, 
cerebral vascular resistance declined fur- 
ther to 1.2 mm. Hg, and cerebral blood 
flow increased to 45 ml. These changes 
were associated with marked subjective 
improvement and a relief of hyperpnea. It 
should be apparent, however, that, under 
these circumstances, a narcotic would be 
a “double-edged sword.” While relieving 
subjective discomfort and hyperpnea and 
improving cerebral blood flow, it also may 
predispose to further hypotension through 
peripheral vasodilation. 

Despite the above, the narcotics have 
been and remain one of the best thera- 
peutic agents available for certain types 
of circulatory disease. Under what condi- 
tions may narcotics be helpful and by what 
mechanism? In those circulatory diseases 
where mild peripheral vasodilation is help- 
ful, the narcotics are probably beneficial. A 
desirable fall in venous pressure has been 
measured following the use of morphine in 
patients with cardiac disease associated 
with high venous pressure.**9!."? If, how- 
ever, this effect is counterbalanced by re- 
spiratory depression, lowered arterial oxy- 
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gen content, and elevated arterial carbon 
dioxide content, then the result would not 
be desirable. The appearance of unwanted 
side effects may not be the result so much 
of the use of the narcotic as rather of the 
failure of the physician to appreciate the 
patient’s individual problem or of his hav- 
ing erroneously guessed the dose.*4* Starr 
and associates*!® were unable to demon- 
strate significant effects of morphine on the 
circulation in patients with severe heart 
disease. Yet they concluded, “That mor- 
phine benefits patients seriously ill with 
cardiac disease is unquestioned. The usual 
explanation is that the drug, by quieting 
the patient, reduces the metabolic rate and 
so permits a slower circulation maintained 
by reduced cardiac effort. We regard our 
results as giving slight support of this con- 
ception. The diminution of cardiac work 
after morphine is somewhat more obvious 
in our cardiac cases, though absent in the 
more normal persons. In still more restless 
patients a greater reduction in both me- 
tabolic rate and cardiac work would be ex- 
pected.” The value of sedation, pain relief, 
and diminished body metabolism afforded 
by narcotics in the presence of circula- 
tory diseases not associated with oxygen 
want or carbon dioxide retention must be 
considerable. 

Anesthetics. Greisheimer, Ellis, Maka- 
renko, and Stewart®?°* and Murano and 
Tanaka!” have shown in animals that car- 
diac output, blood pressure, and heart rate 
are consistently lower if morphine is given 
prior to administration of anesthetic agents. 
Murano and Tanaka postulated that the 
greater reduction in blood pressure seen 
after morphine in anesthetized dogs is due 
to the abolition by the general anesthetic 
of unspecified central compensatory influ- 
ences. Jones, Price, Linde, and Dripps'*? 
have observed that the increase in cardiac 
output normally produced by cyclopropane 
in man is prevented by the preanesthetic 
administration of morphine. They conclude, 
“We view disease, trauma, and _nar- 
cotics . . . as forces which draw out and 
attenuate the defense reserves of the body, 
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leaving it more poorly equipped to deal 
with additional hazard.” 

Upon occasion, narcotics may have a 
beneficial effect upon heart rate and 
rhythm in the anesthetized patient. John- 
stone!*! injected 25 mg. meperidine intra- 
venously in 25 patients anesthetized with 
trichloroethylene and demonstrating multi- 
focal ventricular arrhythmia or bigeminal 
rhythm. The arrhythmia disappeared within 
4 minutes after the meperidine was given 
provided respiration was maintained or as- 
sisted adequately. Johnstone postulated 
that bronchiolar dilatation facilitated the 
removal of carbon dioxide and this was in- 
directly responsible for the observed 
change. Since bronchiolar dilatation after 
meperidine appears unlikely, perhaps the 
better explanation is improved control of 
respiration afforded by the narcotic, thus 
enabling better pulmonary ventilation. 
With the use of more potent anesthetics, the 
same effect might be obtained by deepen- 
ing the level of anesthesia. 

Phenothiazines. The combination of nar- 
cotic with a phenothiazine derivative theo- 
retically carries a greater threat to the cir- 
culation than it does to the respiration. The 
phenothiazines are potent vasodepres- 
sors,®*:63 particularly predisposing to pos- 
tural hypotension. Since the narcotics act 
in similar, although milder, fashion, one 
might predict that hypotension would ap- 
pear more commonly than with either drug 
alone. Data are lacking, however. In view 
of the common intravenous use of these 
combinations in obstetrics, a study of the 
circulatory effects should be made. In the 
reviewers’ experience, appreciable hypo- 
tension may follow the movement of par- 
turients from bed to delivery table after 
having been given meperidine and pheno- 
thiazines simultaneously. 


Appraisal 


After the available data have been re- 
viewed, conclusion is inescapable that, al- 
though narcotics are depressant to respira- 
tion and to circulation, in neither instance 
is the mechanism of the depression more 
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than vaguely understood. In normal man, 
the effect of the drugs upon these two 
body systems may be so slight as to escape 
detection in the absence of tests specifically 
designed to amplify the depressant action. 
Even here, it is not certain what the tests 
are evaluating. 

The critically or chronically ill and the 
anesthetized are less tolerant of narcotics. 
While this is often evident to the clinician, 
it has not been quantitated. Why should 
the reaction to narcotics be related to the 
state of health or of consciousness? Prob- 
ably this question is closely linked to the 
mechanism of action of narcotics, and 
likely anesthetics as well, since there is 
little reason to believe there is any essen- 
tial difference in narcotics and anesthetics 
in this respect, except in the degree of ef- 
fect produced. Anesthetics in dilute con- 
centration can provide analgesia without 
loss of consciousness and narcotics can be 
given in sufficient amounts to allow sur- 
gical operation to be performed. 

Failure to attack many of the funda- 
mental problems related to. the action of 
the narcotics can be attributed to two fac- 
tors: dilution of effort and improper de- 
sign of clinical experiments. There are a 
large number of narcotics for clinical use, 
but, unfortunately, nowhere is there avail- 
able unbiased comparative data on their 
analgesic effectiveness and side reactions. 
There is not even convincing evidence that 
any of the synthetic substances surpass 
morphine. These narcotics have appeared 
because of a search for better and safer 
analgesics and because of the desire of 
each pharmaceutical company to have its 
own product. Both reasons are valid, yet 
if fewer narcotics had been produced in- 
vestigation of pharmacologic effects and 
mechanisms of actions might have been 
more thorough. 

_ In the last 20 years, increasing emphasis 
has been placed upon investigation of drug 
action in man rather than in animals. The 
clinician, untrained in research, has _ be- 
come involved in the study of new drugs 
among which have been the narcotics. The 
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pharmaceutical industry must have its 
compounds evaluated in man to obtain 
Food and Drug Administration approval 
and for product support. Often these com- 
panies have not sought competent investi- 
gators or have been unable to interest those 
in the best position to do clinical research. 
Recourse has then been had to physicians 
unequal to the task. 

Clinical investigation can be nearly as 
rigidly controlled as laboratory research. 
Studies must be carefully planned, the re- 
sults analyzed by accepted techniques and 
thoughtfully compared to available stand- 
ards. Pharmaceutical firms should be un- 
willing to support other than such studies. 
When this type of evaluation is combined 
with that which can come from industry’s 
pharmacologic laboratories, advances in 
knowledge should result. 
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The use of steroidal substances 


in endometriosis 


Unfortunately, endometriosis seems to be occurring with increasing frequency, 


especially in women who marry late or in whom childbearing is deferred. 


Surgery may provide palliation but, unless castration is performed, recurrence is common. 


Recent efforts to treat this malady by hormonal methods have been successful. 


The symptoms and signs of endometriosis disappear during pregnancy and remain in abeyance 


for many months thereafter. Persistent ovulation and menstruation aggravate the process. 


The physician may induce periods of prolonged anovulation with estrogens or estrogens 


combined with progestogens (pseudopregnancy). A decidual change is produced in areas of 


endometriosis similar to that seen in normal pregnancy. Subsequent necrosis and absorption of 


the decidua are postulated as the mechanism of producing objective improvement. 


Androgens, in low dosage, do not inhibit ovulation but seem to produce subjective and 


objective improvement. Methods of administration, side effects, and pharmacology of these 


steroidal substances are discussed in detail. 


Robert W. Kistner, M.D. Boston, Mass. 
Department of Obstetrics and Gynecology, Harvard Medical School, Boston, 


and the Free Hospital for Women, Brookline, Mass. 


Endometriosis may be defined as the 
presence of functioning endometrial tissue 
outside of its normal situation but usually 
confined to the pelvis in the region of the 
ovaries, uterosacral ligaments, and _ utero- 
vesical peritoneum. The characteristic 
symptoms of this disease are progressive, 
increasingly severe pelvic pain associated 
with, or occurring prior to, menstruation. 
Dyspareunia or rectal pain and tenesmus 
may accompany the menses. The crippling 
characteristics of this malady, occurring 
during the reproductive period of women, 
prevent fulfillment of marital potential 
since sexual intercourse is often painful and 


childbearing frequently impossible. Defini- 
tive treatment has too often been surgical, 
chiefly hysterectomy and castration, with 
the development of occasional neuroses and 
occasional psychoses. Although endometri- 
osis is in reality a benign disease, it pre- 
sents many of the characteristics of malig- 
nancy. Thus it may spread laterally to in- 
volve and encompass the ureter, producing 
stenosis and obstruction. It may, by direct 
extension, distort the serosa and muscularis 
of the sigmoid colon, producing bowel ob- 
struction. The bladder may be involved in 
a similar process, resulting in symptoms of 
cyclic dysuria, urgency, and suprapubic 
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discomfort. The most frequently affected 
areas are the ovary and the posterior cul- 
de-sac. Complete destruction of the ovary 
by a large endometrioma is not infrequently 
seen and occasionally these large blood- 
filled cysts rupture with serious conse- 
quences. Infertility is a common finding in 
this disease and has been reported to occur 
in about one third of all patients whose 
primary complaint is that of infertility. 

The process of pregnancy seems to have 
some protective effect on the development 
of endometriosis. This has been observed 
by numerous authors and in 1949 Meigs® 
suggested a method of prophylaxis against 
endometriosis: “early marriage and early 
childbearing.” He even exhorted parents 
to subsidize their sons and daughters so 
that this might be financially feasible. He 
stated at that time: “It is the author’s be- 
lief that avoidance of endometriosis through 
early marriage and frequent childbear- 
ing is the most important method of 
prophylaxis.” 

In many patients with this disease, how- 
ever, conception is not always possible 
either because of unknown factors produc- 
ing infertility or because marriage is not 
contemplated. The management of these 
patients must, however, be highly individu- 
alized because of the multiplicity of prob- 
lems in diagnosis and the varying methods 
of therapy now available. Patients with 
minimal evidence of disease may be ade- 
quately managed by simple analgesia and 
observation. Others, with more extensive 
disease, should be subjected to operation 
but the procedure should be conservative 
with the preservation of childbearing func- 
tion. An alternate method of therapy com- 
bines hormones with conservative surgery. 
In many patients with recurrent endometri- 
osis hormonal methods alone may be util- 
ized. Finally, in the most extensive cases 
or where childbearing function need not be 
preserved, hysterectomy and bilateral sal- 
pingo-oophorectomy should be performed. 
Preservation of an ovary may result in per- 
sistent ovulation and reactivation of the 
endometriosis. 
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Suppression of ovulation 


Pregnancy has frequently been suggested 
as optimum prophylactic and therapeutic 
treatment for endometriosis, since both 
symptoms and signs regress during the ‘pe- 
riod of gestation and for varying periods 
of time thereafter. This is probably due to 
a combination of anovulation and amenor- 
rhea brought about by suppression of the 
adenohypophysis. In 1957 the author sug- 
gested that the improvement noted during 
pregnancy may also be due, in part, to a 
transformation of functioning endometriotic 
tissue into decidua by the increasing levels 
of estrogen and progesterone secreted by 
the placenta. If pregnancy is not contem- 
plated or is not desired, it is possible to 
secure anovulation by the administration 
of various steroidal substances. Estrogens 
and androgens have been employed fre- 
quently for this purpose. Recently a newer 
treatment method utilizing synthetic pro- 
gestins in combination with varying 
amounts of estrogen has been used and has 
given favorable results. The following 
therapeutic regimens have proved success- 
ful in most cases of endometriosis. 

Estrogens. One milligram of diethylstil- 
bestrol may be given on the first day of the 
menstrual period and is then increased by 
1 mg. every 3 days to a total of 5 mg. daily. 
A 25 mg. tablet may then be prescribed 
and the dose is increased by one-fourth 
tablet (6.25 mg.) every 3 days until a total 
daily dose of 100 mg. is being administered. 
This should be continued for at least 3 
months. The dose is then diminished in the 
same fashion so that abrupt cessation of 
estrogen stimulation is avoided. The grad- 
ual increase prevents the development of 
“break-through” bleeding and the gradual 
diminution in dose avoids, in most patients, 
profuse withdrawal bleeding. 

The effectiveness of estrogen therapy de- 
pends upon the production of anovulation, 
amenorrhea, and a softening of the entire 
genital tract. It has been suggested by Kar- 
naky® that areas of endometriosis undergo 
a state of “exhaustion atrophy.” This theory, 
however, was not borne.out in the experi- 
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Fig. 1. FHW S-59-4561. Photomicrograph of a biopsy of a mass in the rectovaginal septum 
during the fourteenth week of pregnancy. Rectal mucosa is seen at the top of the section. Ap- 
proximately two-thirds of the rectal wall has been replaced by endometriotic tissue made up 
of inactive glands and decidua. The endometrial stroma (as decidua) seems packed in 


“whorl-like” accumulations. ( *40; reduced 1/6. ) 


ments of Scott!! who administered constant 
doses of estrogens to macaque monkeys for 
prolonged periods. Exhaustion atrophy was 
not described at the termination of therapy 
and, in many subjects, actual hyperplasia 
was noted in the areas of endometriosis. 

The side effects of estrogen therapy are 
early nausea, breast soreness, vaginal dis- 
charge, and occasional “break-through” 
bleeding. In most patients, however, these 
side effects are well tolerated or become 
less noticeable as therapy is continued. 
Beecham? has stated that “the physiological 
amenorrhea of pregnancy or the pregnancy 
equivalent induced by stilbestrol has pro- 
duced regressive changes so remarkable 
that operative treatment once endorsed by 
all gynecologists is declining in popularity 
and usage.” 


Androgens. The usual scheme is to ad- 
minister 10 mg. of methyltestosterone daily 
by mouth for two menstrual cycles and then 
omit for one cycle. An alternate method is 
to administer 5 mg. of methyltestosterone 
daily, sublingually, for 100 consecutive 
days. Ovulation is usually not inhibited 
and some gynecologists and endocrinolo- 
gists have labeled the doses “homeopathic.” 
This may be true in the male but in the 
female even small doses may be effective. 
Menstrual periods continue and pregnancy 
has been reported to have occurred while 
patients are taking methyltestosterone. This 
method has the disadvantage of occasion- 
ally producing masculinization of the fe- 
male fetus if given during the period of 
organogenesis. The salutary effects of small 
doses are presumed to be due to the direct 
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action of androgens on areas of endometri- 
osis. No microscopic evidence has been 
presented to show these changes. Higher 
dosages of methyltestosterone will inhibit 
ovulation and cause involution and sup- 
pression of follicular growth but amounts 
exceeding 300 mg. monthly may cause mas- 
culinizing symptoms in the adult female. 

Side effects, especially in sensitive indi- 
viduals, include acne, hoarseness, edema, 
hirsutism, enlargement of the clitoris, and 
hepatocellular jaundice. If acne appears as 
the first side effect, as it usually does, ther- 
apy with androgens should be stopped im- 
mediately and another therapeutic method 
substituted. 


Progestins. In 1959 the author? reported 
the results of treatment in 58 patients util- 
izing combinations of estrogens with newer 
progestins given from 6 to 9 months. This 
concept of therapy was predicated on the 
fact that pregnancy usually brings about 
both objective and subjective improvement 
in patients with extensive pelvic endometri- 
osis. Thus, a state of “pseudopregnancy” 
was brought about by gradually increasing 
the amounts of both estrogenic and proges- 
trogenic substances. This seemed to be of 
particular value when the patient was in- 
fertile, did not desire pregnancy, or was un- 
married. It was further suggested that the 
changes brought about in endometriosis by 
pregnancy are a combination of: (1) anov- 
ulation and amenorrhea, (2) decidual trans- 
formation of functioning endometriotic 
tissue, and (3) decidual necrosis and ab- 
sorption. Figs. 1 and 2 demonstrate the 
effects of endogenous estrogen and proges- 
terone on a large rectovaginal mass which 
was biopsied during the fourteenth week 
of an apparently normal pregnancy. The 
low-power view shows an extensive area of 
endometriosis under the rectal mucosa and 
the details of decidua formation are easily 
seen in the higher magnification. 

A morphologically similar decidual reac- 
tion can be brought about both in the endo- 
metrium and in areas of endometriosis by 
the prolonged administration of estrogens 
and progestins. Fig. 3 illustrates an endo- 
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metrial biopsy obtained after 4 weeks’ 
administration of increasing 17-alpha-hy- 
droxyprogesterone caproate and 8 weeks’ 
of diethylstilbestrol. A marked transforma- 
tion of the stromal cells together with 
glandular regression has occurred. As the 
pseudopregnancy is continued marked 
stromal edema occurs after 12 to 14 weeks. 
Fig. 4 demonstrates this change in an endo- 
metrial biopsy taken after 15 weeks of con- 
tinuous estrogen-progestin therapy. Exam- 
ination of the biopsy disclosed that there is 
marked edema at the surface, moderate de- 
cidual necrosis in the mid-zone, and a well- 
maintained decidua in the basalis. One 
atrophic gland is present in the right lower 
portion. It is suggested that the decidual 
cells undergo a gradual process of necrosis 
which is followed subsequently by lique- 
faction and absorption. This process is 





Fig. 2. FHW S-59-4561. Higher power of Fig. 1 
to show detail of decidua and gland encroaching 


upon the submucosa of the rectum. (100; re- 
duced 1/3.) 
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Fig. 3. FHW S-56-2835. Photomicrograph of an endometrial biopsy taken after 8 weeks of 
daily diethylstilbestrol and 4 weeks of 17-alpha-hydroxyprogesterone caproate pseudopreg- 
nancy. There is a well-developed decidual reaction throughout the stroma with several foci 
showing decidual necrosis. The glands have the typical “arrested” appearance noted after 
the use of large doses of progestogenic substances. (From Kistner.’ ) 


demonstrated in the higher magnification 
in Fig. 5, showing a few normal decidual 
cells at the right and necrotic cells in the 
midportion above the blood vessels and 
edematous cells at the upper left. Fig. 6 il- 
lustrates the same process in an area of 
vaginal endometriosis biopsied after 12 
weeks of continuous therapy with a mix- 
ture of 17-alpha-ethinyl-17-hydroxy-5-10- 
estren-3-one with 1.5 per cent ethinyl estra- 
diol-3-methyl ether. The same process of 
decidual necrosis and edema is evident. 
Figs. 7 and 8 show this process in greater 
detail. 

_ Four progestins are presently available 
for use in the treatment of endometriosis. 
They are (1) 17-alpha-hydroxyprogester- 
one caproate,* (2) 17-alpha-ethinyl-17- 


*Delalutin, E. R. Squibb & Sons. 


hydroxy-5-10-estren-3-one (norethynodrel) 
with 1.5 per cent ethinyl estradiol-3-methyl 
ether,* (3) 6-alpha-methyl-17-alpha hydrox- 
yprogesterone acetate (medroxyprogester- 
one),* and (4) 17-alpha-ethinyl-19-nortes- 
tosterone (norethindrone ).* Each of these 
preparations will be considered in detail 
in regard to dosage, side effects, and spe- 
cific advantages and disadvantages in in- 
dividual patients. 

1. 17-alpha-hydroxyprogesterone caproate 
(Fig. 9). The first patients treated in our 
series received a combination of diethylstil- 
bestrol (5.0 mg.) or ethinyl estradiol (0.05 
mg.) daily, plus 17-alpha-hydroxy-proges- 
terone caproate (62.5 mg.) weekly for a pe- 


*Enovid, G. D. Searle & Company. 
+Provera, The Upjohn Company. 
tNorlutin, Parke, Davis & Company. 
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Fig. 4. FHW S-57-528. Endometrial biopsy after 15 weeks of increasing doses of norethynod- 
rel with ethinyl estradiol. There is a variation in response in the separate levels of the endo- 
metrium. Note the marked edema and decidual necrosis under the surface epithelium. In the 
mid-zone there is moderate intercellular edema and minimal necrosis of decidual cells. The 
basalis is made up of compact, well-preserved decidual cells. (50; reduced 1/6.) (From 
Kistner: Clin. Obst. & Gynec. 2:884, 1959.) 


» De 
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Fig. 5. FHW S-57-528. Higher power of endometrial biopsy in Fig. 4, to show in detail the 
marked intercellular edema. This is seen best at the upper left part of the photograph. Ne- 
crotic decidual cells may be seen above the dilated blood vessel. (150; reduced 1/3. ) 
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Fig. 6. FHW S-58-3435. Biopsy of an area of vaginal endometriosis after 12 weeks of con- 
tinuous norethynodrel with ethinyl estradiol therapy. There is evidence of a marked general- 
ized edema throughout the endometriosis. Under the vaginal epithelium the decidua is well 
maintained but most of it is undergoing necrosis. One inactive gland is seen near the bottom 
of the section. ( X50; reduced 1/7.) (From Kistner: Fertil. & Steril. 10:549, 1959.) 


riod of 2 weeks. This is gradually increased 
every 2 weeks so that at the end of 12 weeks 
the patient is receiving 500 mg. of 17-alpha- 
hydroxyprogesterone caproate. The estro- 
gen is increased at weekly intervals so that 
at the end of 12 weeks a daily dose of 
60.0 mg. of diethylstibestrol or 0.6 mg. 
ethinyl estradiol is being administered. A 
later variation of this schedule is to give 
estradiol valerate* intramuscularly in a 
dose of 1 c.c. (10 mg.) weekly for 2 weeks 
with an increase of 0.5 c.c. every 2 weeks. 

Several of the patients treated with 17- 
_alpha-hydroxyprogesterone caproate and es- 
tradiol valerate developed rather severe 
uterine cramps, and “break-through” bleed- 
ing necessitating cessation of therapy. The 


*Delestrogen, E. R. Squibb & Sons. 


apparent difficulty is in the determination 
of the correct proportion of estrogen to pro- 
gestin, since when excess estrogen is given 
the production of decidua is excessive and 
its vascularity markedly increased. Im- 
proved results have been obtained with a 
combination of 17-alpha-hydroxyprogester- 
one caproate (250 mg. per cubic centi- 
meter) and estradiol valerate (5 mg. per 
cubic centimeter). This mixture* has been 
used extensively by Thomas and co-work- 
ers.12 His results have been comparable 
to those of other investigators utilizing oral 
progestins, namely, an 85 per cent over-all 
improvement rate. 

The use of the mixture offers the definite 
advantage of a constancy of absorption as 


*Deluteval, E. R. Squibb & Sons. 
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Fig. 7. FHW S-58-3435. Higher power of an area seen in Fig. 6. The well-differentiated 
decidual cells are seen to lie immediately under the surface epithelium, and the intercellular 
edema and decidual necrosis are evident near the bottom. ( 100.) (From Kistner: Fertil. & 


Steril. 10:549, 1959.) 


a result of parenteral administration. Injec- 
tions may be spaced at intervals of 2 weeks 
and the dose held constant until “break- 
through” bleeding occurs. The tendency 
toward nausea in the early part of the 
pseudopregnancy is diminished and the 
difficulties of oral administration are obvi- 
ated. This progestin is a caproate ester of 
hydroxyprogesterone and is not a so-called 
“19-nor-compound.” Its androgenic poten- 
tial is, therefore, less than that of some 
other available progestins. It is not con- 
traindicated during early pregnancy. 

2. 17-alpha-ethinyl-17-hydroxy-5-10-estren 
-3-one (norethynodrel) with 1.5 per cent 
ethinyl estradiol-3-methyl ether* (Fig. 10). 
The majority of the patients in our series 
have been treated with this preparation. 
They now number well over 100 and the 
improvement rate has remained at approxi- 


*Fnovid. 


mately 80 to 85 per cent. The dose sched- 
ule is as follows: 10 mg. daily for 2 weeks 
with an increase of 10 mg. every 2 weeks 
up to a maintenance dose of 30 or 40 mg. 
daily. The major side effects have been 
nausea, breast soreness, vaginal discharge, 
and fluid retention. Nausea may be dimin- 
ished by beginning with a 5 mg. rather 
than a 10 mg. tablet or by giving milk, an 
antacid, a tranquilizer, or an antiemetic 
drug with the medication. The nausea 
seems related to the estrogen content of 
the mixture (it is rare with norethindrone ). 
Fluid retention may be diminished by a 
low-sodium diet and the intermittent use of 
chlorothiazide. A few patients have com- 
plained of insomnia, restlessness, and irri- 
tability whereas others have noted exces- 
sive lethargy and a “tired” feeling. Severe 
and persistent headaches have necessitated 
the cessation of treatment in 2 patients. 
“Break-through” bleeding has been infre- 
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quent and has responded to increased 
doses. In some patients, however, it has 
been necessary to increase the total daily 
dose to 60 or 70 mg. daily to accomplish 
this. The obvious difficulty with such a 
schedule is the cost. 

Pseudopregnancy should be continued 
for a minimum of 6 months and if endomet- 
riosis is extensive, therapy should be ex- 
tended to 9 to 12 months. Remissions have 
occurred but, to date, have been noted in 
patients treated for less than 6 months. 
Four separate groups of patients have 
been treated: (1) those without previous 
surgery for endometriosis (most of these 
had a definitive diagnosis by culdoscopy ), 
(2) those with a previous conservative lap- 
arotomy who developed recurrent disease, 
(3) those treated “prophylactically” after 
a conservative laparotomy, and (4) those 
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with vaginal endometriosis. The relation- 
ship of subsequent fertility to pseudopreg- 
nancy cannot be adequately correlated at 
this time. When patients did become preg- 
nant after the therapy they did so within 
3 to 6 months. This is an improvement upon 
the interval of 2.7 years noted in a series 
of 138 patients treated at the Free Hospi- 
tal for Women by operation alone. 

Some question has been raised about the 
ability of patients who have undergone pro- 
longed pseudopregnancy subsequently to 
ovulate. All patients who have been fol- 
lowed after treatment by either basal body 
temperatures or endometrial biopsies have 
given evidence of spontaneous ovulation 
within 6 to 8 weeks. Similar evidence is 
available from a much larger series of Rock, 
Garcia, and Pincus!® where ovulation was 
inhibited for over 30 cycles in the Puerto 
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Fig. 8. FHW S-58-3435. Higher power view of vaginal biopsy seen in Fig. 6. There is an un- 
usual pattern of decidual change with most decidual cells remaining as “naked nuclei” or as 
cytoplasmic strands in an edematous stroma. A few lymphocytes and macrophages are present 
and suggest an “absorptive” process of the necrotic endometriosis. (100; reduced 1/6.) 


(From Kistner: Fertil. & Steril. 10:549, 1959. ) 
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Fig. 9. Structural formula of 17-alpha-hydroxypro- 
gesterone caproate. The esterification of the rela- 
tively inactive hydroxyprogesterone at the 17- 
alpha position results in a compound which has 
an increased potency of thirty times with a five- 
fold increase in duration. 


Rico contraception study. Ovarian biopsies 
obtained subsequently to cessation of long- 
term therapy have shown no morphologic 
evidence of disturbance in the number or 
development of Graafian follicles.* The 
estrogen present in the mixture may stim- 
ulate the growth of leiomyomas and if this 
occurs another preparation should be 
substituted. 

Hirsutism, acne, and lowering of the 
voice have not been noted during pro- 
longed pseudopregnancy. This may be due 
to the fact that the drug is a derivative of 
a basic C-18 (estrane) nucleus with the 
double bond present in the 5-10 position 
in the “A” ring (Fig. 10). Norethynodrel 
has been shown to be much less andro- 
genic in animal experiments than some of 
the other progestins where the double bond 
is in the usual 4-5 position as in testoster- 
one. Its use during early pregnancy is not 
contraindicated. 

3. 6-alpha-methyl-17-alpha-hydroxypro- 
gesterone acetate (medroxyprogesterone) 
(Fig. 11). This preparation is one of the 
newer progestins and is available in tablets 
of 2.5 and 10.0 mg. and for intramuscular 


®McKay, D. G.: Personal communication. 
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use in a concentration of 25 and 50 mg. per 
cubic centimeter. The oral preparation is 
an extremely potent progestin and has been 
shown to be effective in maintaining preg- 
nancy in ovariectomized rats. Furthermore, 
it is an effective inhibitor of ovulation and 
is very mildly estrogenic in animal experi- 
ments. If given in high enough doses it 
produces some stimulation of the second- 
ary sex characters of the castrate male test 
animal. Like progesterone it causes a very 
slight degree of sodium retention in the 
adrenalectomized rat. Intramuscular med- 
roxyprogesterone is also a potent progestin: 
one 50 mg. injection will produce secretory 
change in the endometrium within 6 or 7 
days. Furthermore it is long acting: one 
50 mg. injection will give a temperature 
rise which lasts 4 to 6 weeks. Progestational 
effects in the postmenopausal female have 
been noted in the endometrium 6 weeks 
after one injection of 100 mg. Although 
medroxyprogesterone is a potent gonado- 
trophic inhibitor and will delay ovulation 
and menstruation, it is necessary to add 
small amounts of estrogenic substances if 
a prolonged pseudopregnancy is desired. 
Our method has been to give 100 mg. in- 
tramuscularly every 2 weeks in conjunc- 
tion with ethinyl estradiol, 0.05 mg. daily. 


CH 


CH3 OH 


O=— 
|17-a- ethynyl - 17 hydroxy -5 (10) estren - 3- one | 


Fig. 10. Structural formula of norethynodrel. Note 
the double bond in the 5-10 position in the “A” 
ring. Enovid contains 1.5 per cent ethinyl estra- 
diol-3-methyl ether in addition to this progestin. 
This preparation is a potent oral progestin with 
minimal androgenic properties, 
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The oral estrogen may be gradually in- 
creased every 2 or 3 weeks or one may 
await the development of spotting or bleed- 
ing before increasing the dose. 

Greenblatt and Barfield‘ have noted sat- 
isfactory results in the treatment of exten- 
sive endometriosis with the oral preparation 
and an added estrogen. Signs of androgen- 
icity did not occur after prolonged treat- 
ment nor was “break-through” bleeding 
particularly troublesome. Their over-all 
improvement rate has been reported as 75 
per cent. We have used medroxyprogester- 
one in 8 cases of extensive endometriosis. 
The results were excellent in each instance. 

4. 17-alpha - ethinyl - 19 - nortestosterone 
(norethindrone) (Fig. 12). This preparation 
is a true “19-nor testosterone” and resem- 
bles the oral progestin, ethinyl testosterone 
(anhydrohydroxyprogesterone ), which dif- 
fers from norethindrone in that the methyl 
group on carbon 19 is still present. Noreth- 
indrone is a potent oral progestin with 
essentially the same properties as norethy- 
nodrel except that, in animal studies, it has 
an increased androgenic potential. Green- 
blatt and co-workers have used norethin- 


CH; 
| 6-methyl -17- alpha —hydroxy~progesterone acetate | 


Fig. 11. Structural formula of 6-alpha-methyl-17- 
alpha-hydroxyprogesterone acetate. Medroxyproges- 
terone differs from a hydroxyprogesterone prepara- 
tion, in the addition of a methyl group at position 
6 in the “B” ring. Animal tests have shown that 
medroxyprogesterone given orally is 60 to 75 times 
as potent as oral 17-alpha-hydroxyprogesterone 
acetate and 2 to 3 times as potent as parenteral 
progesterone. Medroxyprogesterone has few or no 
estrogenic or androgenic properties in the human 
female. 
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Fig. 12. Structural formula of 17-alpha-ethinyl-19- 
nortestosterone (norethindrone). Note the absence 
of the methyl group from carbon 19, thus making 
it a “19-nor” testosterone. The ethinyl radical 
is in the alpha position on the 17 carbon as it is 
in norethynodrel. 


drone in over 40 patients with endometrio- 
sis and noted an improvement rate of 
approximately 75 per cent.1!!2 The dura- 
tion of therapy variéd from 7 to 9 months 
with doses ranging from 20 to 50 mg. daily. 
Barfield* described hirsutism associated 
with the prolonged use of norethindrone 
to be “mild, but not infrequent” and deep- 
ening of the voice as a rare side effect. 
Edema and weight gain were noted in 
about the same degree as with norethynod- 
rel with ethinyl estradiol, but breast sore- 
ness and nausea were not described. The 
latter symptoms are undoubtedly associ- 
ated with the estrogen content of norethy- 
nodrel with ethinyl estradiol. Thus if 
nausea is troublesome during the early 
phases of norethynodrel with ethinyl es- 
tradiol pseudopregnancy, norethindrone 
may be substituted. Conversely, if hirsu- 
tism seems to be progressive while noreth- 
indrone is being administered, it may be 
replaced with norethynodrel with ethinyl 
estradiol. 

Lebherz‘ has treated 26 patients at the 
U. S. Naval Hospital at Bethesda during 


*Barfield, W. E.: Personal communication. 
tLebherz, T. B.: Personal communication. 
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the last 2 years with norethindrone. His 
dosage schedule was similar to that noted 
above. Lebherz noted, however, a rather 
high incidence of side effects due to the 
androgenicity of the preparation. Hirsutism 
was noted in 2 patients and acne in 3. In- 
creased libido was described by 10 patients 
and “break-through” bleeding occurred in 
20 of the 26 patients. The latter finding is 
due, in the opinion of the author, to the ab- 
sence of sufficient estrogen in the com- 
pound to maintain the endometrium. 

An acetic acid ester of 17 alpha-ethinyl- 
19-nortestosterone (norethindrone acetate ) 
has recently been introduced and its ef- 
fectiveness in patients with endometriosis 
evaluated by Bushnell* and Kupperman.*® 
Laboratory studies by Junkmann® have 
demonstrated that this compound is iden- 
tical in physiologic activity with the parent 
alcohol, differing only in being several 
times more potent milligram for milligram. 
Clinical experiments in the human have 
indicated an increased potency of the ace- 
tate over norethindrone in the order of 
2:1. Bushnell reported marked subjective 
and objective improvement in 10 patients. 
Three of these were completely free of pal- 
pable tumors and in the remaining 7 there 
was a marked reduction of pelvic swelling 
and pain. A dose of 10 mg. daily was con- 
tinued uninterrupted for several months in 
these patients. Kupperman has reported ex- 
cellent results using 15 mg. daily of the 
acetate (or 30 mg. norethindrone) for 6 
to 9 months with freedom from symptoms 
for extended periods following discontinu- 
ation of the medication. The incidence of 
side effects in these latter studies is not 
known. We have had no personal experi- 
ence with norethindrone in the treatment 
of endometriosis. Wilkins has suggested™ 
that norethindrone should not be adminis- 
tered during early pregnancy because of 
its androgenic potential. 


Summary and conclusions 


The use of the various new progestins in 
the treatment of endometriosis seems to 
be of definite therapeutic value. Reports 
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of at least six separate investigators have 
indicated an improvement rate of between 
75 and 85 per cent. Although remissions in 
certain patients have lasted as long as 30 
months, definite conclusions cannot -be 
drawn regarding the degree of permanent 
relief afforded. 

The rationale of this regimen differs 
from those previously described in that a 
decidual response in areas of endometriosis 
(together with amenorrhea) is suggested 
as being responsible for both the subjec- 
tive and objective improvement. Each of 
the four progestins discussed has been 
shown to induce an adequate decidual re- 
sponse both in the endometrium and in 
areas of endometriosis. 

In order to secure a pseudopregnancy it 
is necessary to administer both estrogens 
and progestins in increasing dosage. The 
amount of estrogen must be kept at a 
rather low level but is necessary to pre- 
vent “break-through” uterine bleeding. An 
excess of estrogen results in disturbing nau- 
sea at the onset of treatment, breast tender- 
ness, and excessive vaginal discharge. 
Long-acting, parenterally administered pro- 
gestins have the advantage of constancy 
of dose and absorption. The caproate and 
acetate esters of 17-alpha-hydroxyproges- 
terone are effective but must be given with 
adequate estrogen. Norethynodrel with 
ethinyl estradiol has given excellent results 
in over 200 patients with proved endometri- 
osis. The only disadvantage seems to be the 
occasional side effect of the estrogen. This 
may be combated by initiating therapy 
with smaller doses. Norethindrone has the 
disadvantage of occasionally causing hirsu- 
tism and facial acne. 
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The mainspring of scientific progress is not uniformity, but independence of thought 
translated into experimental action, and individuality is one of the most precious, 
stimulating, and necessary qualities of an efficient investigator. It would 

seem that Nature does not yield her secrets to groups, but to individuals who have 
the nous first to formulate the right question, and then to ask it in the correct 
experimental manner. Nature is very particular about the last; she 


only answers when compelled to do so. 
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Book reviews 


Clark’s Applied Pharmacology, A. Wilson 
and H. O. Schild. Boston. 1959, Little, 
Brown & Company. 750 pages. $10.00 


The modern American textbook of phar- 
macology may frighten a prospective reader 
because of its size and its cost, but America 
has no small and inexpensive book of merit. 
In this country all textbooks of pharmacol- 
ogy attempt encylcopedic coverage of this 
vast and fast-moving field. The British, 
however, have managed to cope with the 
problem with considerable economy, both 
verbal and physical, so that one approaches 
a new edition of such a classic as Clark's 
Applied Pharmacology, which is about one- 
third the size and half the cost of the 
American prototype, with the hope that it 
will also be useful on this side of the 
Atlantic. 

The current edition of Clark is the ninth. 
It is 60 pages longer than the eighth and 
each of the 750 pages is slightly larger. 
That Andrew Wilson and H. O. Schild 
should have been able to deal with the ad- 
vances of the past seven years with such 
a modest bulge is, in itself, a major accom- 
plishment. 

As in previous editions, the writing is 
clear and concise; it has to be if the sub- 
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ject is to be contained in a portable book. 
But there is another way to save space 
which I would recommend. I suggest that 
the assumption be made that the reader of 
a text on pharmacology either has an ade- 
quate background in physiology or will 
refer to a good book on the subject if he 
needs it. Apparently neither American nor 
British textbook writers will take the 
chance. Each deals with the physiologic 
basis of the pharmacologic issues in its own 
way; for the most part inadequately. In 
Clark most, but not all, physiologic discus- 
sions are compressed almost, but not quite, 
to extinction; the revisers were not able to 
go all the way. Thus, in the chapters on 
the pharmacology of the kidneys and the 
pharmacology of respiration, it is the phar- 
macology which suffers from compression. 
Another way of reducing the size of text- 
books of pharmacology is to omit the in- 
variably inadequate discussions of thera- 
peutics. This cannot be done here since 
Clark’s is an applied pharmacology, but 
therapy is satisfactorily reduced to a 
minimum. 

However well written and lucidly pre- 
sented the material in this book may be, it 
sometimes suffers from the limitations of 
space; thus, especially in view of their cur- 
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rent importance, the discussion of the adre- 
nocortical steroids seemed unduly brief. 
But opinions on the proper allocation of 
spact to particular subjects are often based 
on highly personal prejudices, reviewers’ 
as well as authors. It must be stated, 
therefore, that the book covers the field of' 
pharmacology remarkably well for its for- 
mat. The chapters on anesthetics and the 
pharmacology of the female reproductive 
system are outstanding. There are also new 
chapters on the chemotherapy of tubercu- 
losis and on psychopharmacology which are 
likewise excellent. 

I would be tempted to recommend this 
book to our students were it not that they 
find the proper American names for drugs 
confusing enough without compounding 
this difficulty with British versions not in 
use here. Although this issue has nothing 
to do with the merit of the book, it brings 
up a problem which pharmacologists have 
to face and should take an active part in 
resolving. Surely it is nothing short of ridic- 
ulous that a drug should have a different 
name here and in England, but there are 
many such; both old drugs and new ones. 
Although these differences do not seem op- 
pressive as one views the book as a whole, 
they are an irritation even though the Amer- 
ican equivalents are often furnished. It is 
therefore only to those on the other side of 
the Atlantic that I can give my unreserved 
recommendation to this excellent small 
book on a big subject. A pity! 

Walter Modell 


The Measurement of Subjective Responses; 
Quantitative Effects of Drugs, Henry K. 
Beecher. New York, 1959, Oxford Uni- 
versity Press. 494 pages. $12.75. 


Professor Beecher, in the preface, clearly 
states the fundamental proposition to which 
the present monograph bears principal ref- 
erence: it is—as he puts it~the proposition 
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that “subjective responses, symptoms, can 
be expressed in quantitative terms.” Plausi- 
bility and validity of this statement can be 
examined in different ways; Professor 
Beecher successfully chooses the pragmatic 
attitude, and records lucidly and systemat- 
ically the impressive results that can be 
obtained when this proposition is made the 
basis for appropriately designed and con- 
ducted measurement of drug action in 
(chiefly diseased) man. 

As prototype for the quantitative study 
of subjective responses, the measurement 
of pain is selected. This broad topic occu- 
pies approximately one-half of the entire 
book; it also contains chapters on placebo 
and placebo reactors, drug interactions, and 
on the relevant statistical methods (the 
latter prepared by Professor F. Mosteller). 
The well-conceived organization of the 
presented material, the uniformly concise 
style, and the fair, yet uncompromising, 
presentation of conflicting views let the 
author's own opinions and _ conclusions 
clearly emerge, and place them in their 
proper context and perspective. Evidently, 
Professor Beecher’s approach to the meas- 
urement of pain and analgesic drug action 
rests on two basic assumptions: (1) pain 
cannot be defined except introspectively; 
(2) there is a fundamental distinction be- 
tween the psychic reaction component to 
tissue damage, and pain perception. 

Considerable evidence is adduced to 
demonstrate the pragmatic value of these 
assumptions in the measurement of anal- 
gesic drug action. In this context, Profes- 
sor Beecher introduces the idea of the 
“significance” of tissue damage, and of its 
relation to the susceptibility of the pain- 
reaction component to analgesic drug ac- 
tion. It did not become clear to me in what 
way the significance of tissue damage is de- 
termined, and on what it depends. I wonder 
whether we are not led into a circular and 
purely verbal definition, and whether the 
primary fact is not susceptibility to drug 
action; this given, the original reaction pat- 
tern would then be attributed to “signifi- 
cant” tissue damage. 
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To the pragmatic value of decomposing 
pain into a psychological and physiologic 
category can be added neurophysiologic 
plausibility derived from recent work on 
attention, habituation, and other forms of 
“editing” in sensory pathways. Such sup- 
porting arguments are not fully exploited 
in Professor Beecher’s account. 

The eminent success of the two princi- 
pal premises stated before (and of the 
postulates derived from them ), used in con- 
junction with appropriate controls and sta- 
tistical design, is well illustrated by the 
results of analgesic potency measurements 
of Professor Beecher and his group, and of 
other workers in the field. The precision of 
these results makes a strong case for the 
utility of this approach, conceptual as well 
as in terms of the procedures used. At the 
same time, questions may come to one’s 
mind regarding the epistemologic validity 
of the “measurement of subjective re- 
sponses,” and how exactly such an approach 
can be integrated into more conventional 
views on perception on the one, and on 
measurement on the other, hand. Professor 
Beecher does not get involved in the dis- 
cussion of such aspects. Yet I believe that 
clarification of these issues can greatly 
strengthen his case. At first sight, it may 
seem strange that numerical values can 
be ascribed to private sense data. However, 
the actual act of measurement is one of 
ranking into more or less of some sense 
datum, and numerical values are cerived 
from performance of the ranking procedure 
in populations rather than from measure- 
ments in individuals. It would, thus, seem 
to me that the quantitation is ultimately de- 
rived from a topologic, rather than a metric 
measure. Accordingly, the rules of meas- 
urement conform to the structure of sense 
data (J. R. Smythies) as opposed to the 
metrics of physical objects, and it appears 
to me that it is this very aspect of Profes- 
sor Beecher’s approach in which resides its 
superiority as compared with the “physi- 
calistically” oriented trends in the quanti- 
tation of pain. 

In part II, the author applies the prin- 
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ciples of measurement of pain, and its re- 
lief, to other subjective responses elicited 
by drugs. In a chapter on “mental clouding 
and other subjective effects of morphine,” 
the usefulness of nonparametric statistics 
for the evaluation of mood and sensation 
data is clearly demonstrated. Similarly, sed- 
ative and hypnotic states, effects of anes- 
thetic substances, euphoria and dysphoria, 
pruritus, expressions of anxiety, and cough 
are analyzed. In these chapters, Professor 
Beecher draws extensively on the material 
published earlier in various journals by 
himself and members of his group. Particu- 
larly in reading the chapter on psychmi- 
metic drugs, one may be impressed with the 
discrepancy between scarcity of presently 
available quantitative data in man, and the 
potential usefulness of Professor Beecher’s 
approach for further explorations. I do, 
however, wonder whether further quanti- 
tative work on “psychmimetica” will not 
raise new aspects for which work on pain 
cannot serve as a complete prototype: in 
the measurement of pain, the reaction com- 
ponent of the subject is revealed to the ob- 
server through essentially predicative ver- 
bal reports, and verbal communication. be- 
tween subject and observer can obviously 
be made to operate so smoothly that Pro- 
fessor Beecher did not find it necessary to 
examine more closely this link in the meas- 
uring process. On the other hand, psych- 
mimetic agents are likely to evoke in the 
subject experiential situations for which 
no adequate linguistic expression may be 
available, and which may be more prone 
to distortion by the attempt to fit them into 
the mold of verbal reports. 

This monograph assembles, and organizes 
into a coherent system, a body of knowl- 
edge which, in my mind, convincingly 
proves that pharmacology, as a quantita- 
tive science, can successfully expand into 
the domain of introspective data, and, con- 
versely, that the exploration of subjective 
responses to drugs constitutes an integral 
part of pharmacology; it, furthermore, cor- 
roborates with powerful arguments and ex- 
amples the premise of clinical pharmacol- 
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ogy, namely, that “the sick man serves as 
the only final experimental subject.” 


Gerhard Werner 


Psychopharmacology—Problems in Evalu- 
ation, J. O. Cole and R. W. Gerard, edi- 
tors. Publication 583, National Academy 
of Sciences, Washington, D.C., 1959. 


In September, 1956, the National Insti- 
tute of Mental Health, The National Acad- 
emy of Sciences—National Research Coun- 
cil, and tie American Psychiatric Associa- 
tion jointly sponsored a conference on the 
evaluation of pharmacotherapy in mental 
illness. The present volume, published in 
1959, records the formal papers and discus- 
sions of this conference. 

In part I, eight review papers summarize 
competently the pharmacologic, behavioral, 
and clinical observations with the new 
agents for drug treatment of mental dis- 
eases. In the preparation for the sympo- 
sium, these reviews constituted working 
papers; they were presented in January, 
1956, to a planning group which decided 
that five committees should be formed to 
deal with the different aspects of evalua- 
tion in psychopharmacology: one was to 
explore methods for preliminary screening 
of drugs with actions on the central nerv- 
ous system; three committees were to dis- 
cuss considerations pertinent to the clinical 
evaluation of drugs in psychiatry; a fifth 
committee was put in charge of consider- 
ing plans for implementation of policies 
which would emerge from the individual 
sections of the program. Papers and discus- 
sions on these topics constitute by far the 
larger part of the published symposium 
(parts II to VI). 

_ It will be apparent that the content of 
this volume can be divided into two broad 
categories: part I is essentially a systematic 
coverage of existing data up to the time 
the conference was held. The papers of 
this section fulfilled their function by set- 
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ting the stage for the conference, but it is 
in the nature of most papers in this cate- 
gory to become rapidly outdated. More im- 
portant for the reader of the printed sym- 
posium are the subsequent sections since 
they present a thorough examination of 
methods, relevance, and validity in the di- 
verse areas of psychopharmacologic inves- 
tigations. From formal papers and well-di- 
rected (and edited) discussions emerge 
general principles of research design in 
psychopharmacology which cannot fail to 
influence profoundly the standards of psy- 
chopharmacologic inquiry. 


Gerhard Werner 


Clinical Disorders of Hydration and Acid- 
Base Equilibrium, second edition, L. G. 
Welt. Boston, 1959, Little, Brown & Com- 
pany. 336 pages, 766 references to the 
literature. $7.00. 


Rumor has it that in this day and age no 
patient is allowed to die in our advanced 
institutions unless in perfect electrolyte 
balance. Patients are not to apply to St. 
Peter at the Gate with electrolyte disturbed; 
homeostasis has become the password to 
the next world. 

The complicated subject of fluid, anions, 
and cations is dealt with very competently 
by Dr. Welt in this scholarly work. The 
physiologic background is done well and 
many clinicians will find this as well as the 
clinical section instructive and of immedi- 
ate practical value. However, all is not 
sweetness. Reading the chapter on renal 
physiology requires great concentration 
and much thought. The author delights in 
using many words when few will do; 
clauses are thrown together to “form” sen- 
tences. For example, on page 63: “The 
amazing discrimination and genius of the 
value judgments achieved by this organ are 
responsible, in great part, for the ability 
of the organism to survive the ordinary 
vicissitudes of life and the more compli- 
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cated problems imposed by the stress of 
disease.” One knows what the author is 
trying to say, yet it-is not clear at the first 
or second reading, and must be puzzled 
out. Frequently one is left wallowing in a 
proximal or distal tubule, not knowing in 
which direction the osmotic gradient is 
pointing. Here is another example (page 
91): “Orloff et al. point out that if the 
same quantity of solutes were abstracted 
from a larger volume of fluid that gains ac- 
cess to the distal tubule, the osmolality of 
the fluid would impose a greater osmotic 
restraint on the diffusion of water and pro- 
mote an increase in the excretion of free 
water.” 

In the chapter by Dr. Robert W. Winters 
on special problems presented by the pe- 
diatric patient, one feels that, in addition to 
the principles elucidated, more _ space 
should be devoted to the practical manage- 
ment of the dehydrated infant or child. On 
page 156, one reads that 60 to 80 ml. per 
kilogram of isotonic sodium solution (in- 
cluding the amount of the initial infusion) 
should be given to infants with isotonic de- 


Clinical Pharmacology 
and Therapeutics 


hydration, but there is no indication regard- 
ing the time interval involved. One also 
feels that Dr. Winters should give at least 
one formula which physicans can use as 
a starting point (cf. page 160: “. . . small 
frequent feedings should be given of an 
electrolyte-glucose solution designed to 
provide maintenance requirement and to 
continue replacement of potassium def- 
icits” ). 

Dr. Welt is at his best in presenting cases 
chosen to illustrate different aspects of 
electrolyte imbalance. Anyone who thinks 
he really knows electrolytes should read 
this section, and then compare his thoughts 
with the comments of the author: few will 
fail to learn. 

Some of this book can be simplified, 
grammar improved, and the text made 
more readable without detriment to the 
content. In any event, it is useful to clini- 
cians of all ages. Knowledge of the con- 
tents will enable you to let your patients 
live or die in perfect intracellular and ex- 
tracellular electrolyte balance. 


Edel Berman 
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Announcement 


It is with great pride that this JouRNAL 
notes the participation of its Editorial 
Board in the important functions of main- 
taining the standards of the Pharmacopeia 
of the United States. At the decennial meet- 
ing in Washington, March 28, 29, 30, 1960, 
Dr. Arthur C. DeGraff was elected Presi- 
dent of the United States Pharmacopeial 
Convention 1960-1970. Dr. Windsor Cut- 
ting was elected to the Board of Trustees 


of the Convention. Dr. Dale G. Friend, Dr. 
Arthur Grollman, Dr. D. A. Karnofsky, and 
Dr. Walter Modell were elected to the Gen- 
eral Committee of Revision. Drs. Cutting, 
DeGraff, Merritt, Modell, and Vandam also 
served on the General Revision Committee 
of the United States Pharmacopeia XVI 
which was adopted at the decennial meet- 
ing of the Convention. 


